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PEEFACE  TO  FOURTH  EDITION 


In  the  preparation  of  a  new  edition  of  this  work,  we  have 
adhered  to  our  original  plan  of  endeavouring  to  furnish 
a  systematic  view  of  the  present-day  aspects  of  Surgery  in 
sufficient  detail  to  render  it  useful  to  the  practitioner,  without 
at  the  same  time  carrying  it  beyond  the  scope  appropriate  to 
a  Manual  for  Students. 

We  have  curtailed  as  far  as  possible  the  discussion  of  theo- 
retical and  debatable  matter,  and  have  only  described  patho- 
logical processes  in  so  far  as  they  bear  directly  on  diagnosis 
and  treatment.  We  have  not  considered  it  advisable  to 
describe  or  to  illustrate  histological  appearances,  as  these  are 
more  appropriately  dealt  with  in  a  textbook  of  Pathology. 

The  descriptions  of  the  Injuries  and  Diseases  of  individual 
tissues  and  organs  have  been  arranged  with  a  view  to  facilitate 
clinical  study,  and  with  the  same  object  a  -brief  resum^  has 
been  given  of  the  Surgical  Anatomy  of  the  tissue  or  region 
concerned. 

While  the  general  arrangement  of  the  work  has  not  been 
materially  altered,  we  have  thought  it  advisable  to  transfer 
the  section  on  Deformities  of  the  Extremities  to  the  second 
volume,  which  deals  with  regional  surgery ;  and  to  enable 
us  to  furnish  a  detailed  description  of  operative  procedures 
we  have  added  a  third  volume  on  Operative  Surgery. 

Many  of  the  woodcuts  used  in  the  previous  editions  have 
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been  replaced  by  process  blocks,  and  a  large  number  of  new 
illustrations  have  been  added. 

To  our  colleagues  in  the  Edinburgh  School,  and  to  our 
other  friends  who  have  so  generously  aided  us  in  providing 
new  illustrations,  we  desire  here  to  tender  our  sincere  thanks. 
Their  individual  contributions  are  duly  acknowledged  in  the 
legends  to  the  illustrations.  Those  illustrations  not  otherwise 
acknowledged  are  from  drawings  or  photographs  in  our  own 
collections. 

To  our  assistants,  Mr.  James  M.  Graham,  Mr.  Pirie  Watson, 
and  Mr.  James  Lochhead,  we  desire  to  acknowledge  our 
indebtedness  for  much  valuable  help  in  the  revision  of  the 
text,  the  preparation  of  illustrations,  and  in  proof-reading. 
To  our  publishers  we  would  again  express  our  thanks  for 
their  liberality  in  the  matter  of  illustrations  and  for  other 
valued  assistance. 

Edinburgh,  October  1911. 
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CHAPTER  I 

REPAIR 

Introduction — The  ideal  process  of  repair — Modifications  of  ideal  process 
— Repair  in  individual  tissues 

Inteoduction 

To  prolong  human  life  and  to  alleviate  suffering  are  tlie 
ultimate  objects  of  scientific  medicine.  The  two  great 
branches  of  the  healing  art — Medicine  and  Surgery — are  so 
intimately  related  to  one  another  that  it  is  impossible  to  draw 
a  hard  and  fast  line  between  them,  but  for  convenience 
Surgery  may  be  defined  as  "the  art  of  treating  lesions  and 
malformations  of  the  human  body  by  manual  operations, 
mediate  and  immediate."  To  apply  his  art  intelligently  and 
successfully,  it  is  essential  that  the  surgeon  should  be 
thoroughly  conversant  with  the  normal  anatomy  and  physi- 
ology of  the  body,  and  with  the  various  pathological  processes 
to  which  it  is  liable.  Without  this  knowledge  he  is  unable  to 
recognise  such  deviations  from  the  normal  as  result  from  mal- 
development,  injury,  or  disease,  or  rationally  to  direct  his 
efforts  towards  the  correction  or  removal  of  these.  And, 
further,  it  is  not  only  necessary  that  he  should  be  familiar 
with  the  nature  of  the  various  morbid  conditions  met  with  in 
the  body,  but  he  must  also  understand  the  methods  by  which 
nature  brings  about  the  repair  of  these  conditions,  for  it  must 
never  be  forgotten  that  the  repair  of  living  tissues  is  a  natural 
and  spontaneous  process  which  tends  to  go  on  to  perfection, 
except  in  so  far  as  it  is  interfered  with  by  external  agencies. 
The  role  of  surgery,  then,  being  to  correct  or  remove  such 
extraneous  influences  as  tend  to  interfere  with  natural  re- 
parative processes,  it  is  necessary  that  at  the  outset  the  student 
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should  clearly  understand  the  natural  process  of  repair  in  order 
that  his  efforts  may  he  directed  in  harmony  therewith. 

Process  op  Eepair 

The  Ideal  Process  of  Repair  ;  Healing  by  Primary  Union, 

— The  ideal  process  of  natural  repair  can  best  be  studied  as  it 
occurs  in  a  clean-cut  wound  of  the  integument,  uncomplicated 
by  loss  of  tissue  or  by  the  presence  of  foreign  substances,  and 
more  particularly  of  disease-producing  micro-organisms.  Such 
a  wound,  in  virtue  of  the  absence  of  organisms,  is  said  to  be 
aseptic,  and  furnishes  the  most  favourable  conditions  possible 
for  the  reparative  process. 

Formation  of  Granulation  Tissue. — The  passage  of  the  knife 
through  the  tissues  is  immediately  followed  by  an  oozing  of 
blood,  which  soon  coagulates  on  the  cut  surfaces.  In  each  of 
the  divided  vessels  a  clot  forms,  and  extends  as  far  as  the 
nearest  collateral  branch ;  and  on  the  surface  of  the  wound 
there  is  a  microscopic  layer  of  bruised  and  devitalised  tissue. 
If  the  wound  be  now  closed,  the  narrow  space  between  its 
edges  is  occupied  by  blood-clot,  which  consists  of  red  and  white 
corpuscles  mixed  with  a  quantity  of  fibrin,  and  which  forms  a 
temporary  uniting  medium  between  the  divided  surfaces. 
Soon  the  capillaries  of  the  part  adjacent  to  the  wound  begin  to 
dilate  and  to  throw  out  minute  buds  and  fine  processes,  which 
bridge  the  gap  and  form  a  firmer,  but  still  temporary, 
connection  between  the  two  sides.  Each  bud  begins  in  the 
wall  of  the  capillary  as  a  small  accumulation  of  granular  proto- 
plasm, which  gradually  elongates  into  a  filament  containing  a 
nucleus.  This  filament  either  joins  with  a  neighbouring 
capillary  or  with  a  similar  filament,  and  in  time  these  become 
hollow  and  are  filled  with  blood  from  the  vessels  that  gave 
them  origin.  In  this  way  a  series  of  young  cajnllary  loops  is 
formed,  the  spaces  between  them  being  filled  by  large,  irregular 
nucleated  cells,  derived  from  the  proliferation  of  the  fixed 
connective  tissue  cells  of  the  part,  and  from  the  endothelial 
lining  of  the  newly  formed  vessels.  As  these  cells  are 
concerned  in  the  production  of  fibrous  tissue  they  are  known  as 
fibroblasts.  Large  multi-nucleated  giant  cells  may  also  be 
found  amongst  the  fibroblasts,  especially  if  any  foreign  body, 
such  as  a  silk  ligature,  is  embedded  in  the  tissues. 

Wanderiiig  leucocytes,  too,  are  present  in  the  spaces  between 
the  capillary  loops,  but  take  no  direct  part  in  the  formation  of 
the  new  tissue.    Their  function  seems  to  be  the  removal  of  the 
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red  corpuscles  and  fibrin  of  the  original  blood-clot,  and  this 
performed,  they  either  pass  back  into  the  circulation  in  virtue 
of  their  amoeboid  movement,  or  are  themselves  eaten  up  by  the 
growing  fibroblasts. 

These  young  capillary  loops  with  their  supporting  cells  and 
fluids  constitute  granulation  tissue,  which  must  be  looked  upon 
as  the  fundamental  and  invariable  basis  of  all  tissue  repair. 

Formation  of  Cicatricial  Tissue. — This  temporary  granulation 
tissue  is  subsequently  transformed  into  young  cicatricial  or  scar 
tissue,  its  cellular  elements  disappearing  as  the  fibrous  tissue 
increases  in  amount.  The  fibroblasts  become  enlarged, 
rounded,  and  finally  spindle-shaped,  and  produce  around 
them  a  fibrillated  substance  which  gradually  increases  in 
amount  and  develops  into  white  fibrous  tissue.  This  fibrous 
tissue  assumes  an  arrangement  depending  upon  the  mechanical 
pull  or  pressure  which  happens  to  be  put  upon  the  part.  At 
the  same  time  the  capillaries  become  narrowed  and  also  less 
numerous. 

While  these  changes  are  taking  place,  the  surface  is  being 
covered  over  by  epidermis  growing  in  from  the  margins  of  the 
wound.  The  cells  of  the  rete  Malpighii  close  to  the  cut  edge 
sprout  on  to  the  surface  of  the  wound,  and  by  their  prolifera- 
tion cover  the  granulations  with  a  thin  pink  pellicle.  As  the 
epithelium  increases  in  thickness  it  assumes  a  bluish  hue,  and 
eventually  the  cells  become  cornified  and  the  epithelium 
assumes  a  greyish-white  colour. 

In  the  more  highly  vascular  parts  of  the  body,  such  as  the 
face,  these  reparative  processes  are  completed  in  from  three  to 
five  days,  while  in  parts  where  the  anastomosis  is  less  free,  for 
example,  on  the  limbs  or  trunk,  they  may  occupy  from  a  week 
to  ten  days. 

In  course  of  time  the  newly  formed  connective  tissue  under- 
goes cicatricial  contraction  by  the  diminution  in  size  of  the 
blood-vessels  and  cells  and  the  consolidation  of  the  young 
white  fibrous  tissue. 

The  process  of  ideal  repair  being  unassociated  with  infection 
by  micro-organisms,  goes  on  without  any  interference  with  the 
general  health  of  the  patient.  The  temperature  remains 
normal ;  the  circulatory,  gastro-intestinal,  nervous,  and  other 
functions  are  undisturbed ;  locally,  the  part  is  cool,  of  natural 
colour,  and  free  from  pain. 

This  natural  process  of  repair  has  long  been  known  as 
"  healing  by  first  intention."  It  takes  places  without  artificial 
aid  from  the  surgeon,  so  long  as  the  edges  of  the  wound  are 
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in  apposition  and  extraneous  sources  of  irritation  are  excluded. 
It  is  tlie  type  of  all  reparative  processes,  the  various  clinical 
modifications  differing  from  it  only  in  degree.  Reparative 
processes  complicated  by  extraneous  agencies,  such  as  septic 
infection,  show  important  differences  which  will  be  considered 
later. 

Modifications  of  the  Process  of  Repair. — Reunion  of  Parts 
entirely  Separated  from  the  Body. — Small  portions  of  tissue, 
such  as  the  end  of  a  finger,  the  tip  of  the  nose,  or  a  portion 
of  the  external  ear,  completely  separated  from  the  body,  if 
accurately  replaced  and  fixed  in  position,  occasionally  adhere 
by  primary  union. 

Healing  under  a  Scab. — When  a  small  superficial  wound  is 
exposed  to  the  air,  the  blood  and  serum  exuded  on  its  surface 
sometimes  dry  and  form  a  hard  crust  or  scab,  which  may  serve 
to  protect  the  surface  from  external  irritation  in  the  same  way 
as  would  a  dry  pad  of  sterilised  gauze.  Under  this  scab  the 
formation  of  granulation  tissue,  its  transformation  into  cicatricial 
tissue,  and  the  growth  of  epithelium  on  the  surface,  go  on 
uninterruptedly,  until  in  the  course  of  time  the  crust  separates, 
leaving  a  scar. 

Healing  by  Blood-clot. — In  subcutaneous  wounds,  for  example 
tenotomy,  in  amputation  wounds,  and  in  wounds  made  in  ex- 
cising tumours  or  in  operating  upon  bones,  it  is  impossible 
accurately  and  completely  to  approximate  the  divided  surfaces. 
The  result  is  that  the  space  left  becomes  filled  with  blood-clot, 
and  this  acts  as  a  temporary  scaffolding  in  which  granulation 
tissue  is  built  up.  Capillary  loops  grow  into  the  coagulum,  and 
migrated  leucocytes  from  the  adjacent  blood-vessels  destroy  the 
red  corpuscles,  and  are  in  turn  disposed  of  by  the  developing 
fibroblasts,  which  by  their  growth  and  proliferation  fill  up  the 
gap  with  young  connective  tissue.  It  will  be  evident  that  this 
process  only  differs  from  healing  by  primary  union  in  the 
amount  of  blood-clot  that  is  present. 

Repair  after  Loss  or  Destruction  of  Tissue. — When  no  attempt 
towards  approximation  of  the  edges  of  a  wound  can  be  made, 
either  because  a  considerable  portion  of  tissue  has  been  lost,  for 
example,  in  excising  a  tumour  implicating  the  skin,  or  because 
of  the  necessary  presence  in  the  wound  of  a  foreign  body,  such 
as  a  drainage  tube  or  gauze  packing,  the  healing  process  is 
somewhat  modified.  ■    3  ^ 

A  much  greater  amount  of  new  tissue  is  required  to  hll  the 
gap,— although  the  process  by  which  this  is  produced  is 
essentially  the  same  as  in  the  ideal  method  of  repair— namely. 
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the  formation  of  granulation  tissue,  and  its  transformation  into 
young  fibrous  tissue. 

The  raw  surface  is  first  covered  by  a  layer  of  coagulated 
blood  and  fibrin.  An  extensive  new  formation  of  capillary 
loops  and  fibroblasts  takes  place  towards  the  free  surface,  and 
goes  on  until  the  gap  is  filled  by  a  fine  velvet-like  mass  of 
granulation  tissue,  and  then  the  process  tends  to_^  stop.  This 
granulation  tissue  is  gradually  replaced  by  young  cicatricial 
tissue,  and  the  surface  is  covered  by  the  ingrowth  of  epithelium 
from  the  edges  of  the  skin.  This  modification  of  the  reparative 
process  can  be  well  studied  clinically  in  a  wound  which,  at  the 
time  of  the  operation,  has  been  packed  with  gauze.  When  the 
plug  is  introduced,  the  walls  of  the  cavity  consist  of  raw  tissue 
with  numerous  oozing  blood-vessels.  On  removing  the  stuffing 
on  the  fifth  or  sixth  day,  it  is  found  that  the  surface  is  covered 
with  minute,  red,  papillary  projections  {granulations),  and  that 
already  the  cavity  has  become  smaller,  having  been  filled  in 
from  below  by  the  granulations.  At  the  edges,  too,  the 
epithelium  has  proliferated  and  is  covering  over  the  newly 
formed  tissue.  On  subsequently  examining  the  wound  at 
intervals  of  a  few  days,  it  is  found  that  the  granulation  tissue 
gradually  increases  in  amount  till  the  gap  is  completely  filled 
up,  and  that  coincidently  the  epithelium  spreads  in  and  covers 
over  its  surface.  In  course  of  time  the  epithelium  thickens, 
and  as  the  granulation  tissue  is  slowly  replaced  by  young 
cicatricial  tissue,  which  has  a  peculiar  tendency  to  contract  and 
so  to  obliterate  the  blood-vessels  in  it,  the  scar  that  is  left 
becomes  smooth,  pale,  and  depressed.  This  method  of  healing 
is  sometimes  spoken  of  as  "healing  by  granulation" — although, 
as  we  have  seen,  it  is  by  granulation  that  all  repair  takes 
place. 

Healing  by  Union  of  hvo  Granulating  Surfaces. — In  widely 
gaping  wounds  union  is  sometimes  obtained  by  bringing  the 
two  surfaces  into  apposition  after  each  has  become  covered  with 
healthy  granulations.  The  exudate  on  the  surfaces  causes 
them  to  adhere,  capillary  loops  pass  from  one  to  the  other,  and 
their  final  fusion  takes  place  by  the  further  development  of 
granulation  and  cicatricial  tissue. 


Repair  in  Individual  Tissues 

The  process  of  repair  in  general  having  been  studied,  it  will 
obviate  unnecessary  repetition  later  if  the  modifications  of  that 
process  as  seen  in  the  regeneration  of  certain  of  the  individual 
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tissues  is  now  considered.  Nature's  efforts  are  always  directed 
towards  effecting  a  complete  and  perfect  restitution  to  the 
normal, -but  her  success  varies  with  the  tissue  involved  and 
the  amount  of  damage  it  has  sustained.  Any  given  tissue 
can  only  be  replaced  from  tissue  of  a  similar  kind ;  but  while 
simple  structures  such  as  skin,  cartilage,  bone,  periosteum,  or 
tendon  have  a  high  power  of  regeneration,  those  of  a  more 
complex  organisation,  such  as  secreting  glands,  muscle,  and  the 
tissues  of  the  central  nervous  system,  are  but  imperfectly 
restored.  The  peripheral  nerves,  however,  are  eminently 
capable  of  regeneration. 

In  all  tissues  the  elementary  basis  of  repair  is  granulation 
tissue.  If  any  portion  of  the  original  structure  survives,  this 
granulation  tissue  is  replaced  by  an  imitation  of  the  original 
tissue,  more  or  less  perfect  in  proportion  to  the  simplicity  of  its 
constituent  elements.  "When  the  original  tissue  is  completely 
destroyed,  or  is  of  a  highly  specialised  structure,  simple 
cicatricial  connective  tissue  fills  the  gap,  or  a  cavity  containing 
a  tm'bid  fluid  may  persist. 

Regeneration  of  SJcin  and  Connective  Tissue. — The  mode  of 
regeneration  of  these  tissues  has  already  been  described  as  the 
type  of  ideal  repair-.  The  more  highly  organised  elements  of 
the  skin,  such  as  hair  follicles,  sweat  and  sebaceous  glands,  are 
imperfectly  reproduced ;  hence  the  scar  remains,  smooth,  dry, 
and  hairless. 

Regeneration  of  Epithelium. — Epithelium  is  only  reproduced 
from  pre-existing  epithelium,  and,  as  a  rule,  from  one  of  a 
similar  type,  although  metaplastic  transformation  of  cells  of 
one  kind  of  epithelium  into  another  kind  can  take  place.  Thus 
a  granulating  surface  may  be  covered  entirely  by  the  ingrowing 
of  the  cutaneous  epithelium  from  the  margins ;  or  islets,  origin- 
ating in  surviving  cells  of  sebaceous  glands  or  sweat  glands,  or 
of  hair  follicles,  may  spring  up  in  the  centre  of  the  raw  area. 
Such  islets  may  also  be  due  to  the  accidental  transference  of 
loose  epithelial  cells  from  the  edges.  Even  the  fluid  from  a 
blister,  in  virtue  of  the  isolated  cells  of  the  rete  iSIalpighu 
which  it  contains,  is  capable  of  starting  epithelial  growth  on  a 
granulating  surface.  Hairs  and  nails  may  be  completely  re- 
generated if  a  sufficient  amount  of  the  hair  follicles  or  of  the 
nail  matrix  has  escaped  destruction.  The  epithelium  of  a 
mucous  membrane  is  regenerated  in  the  same  way  as  that  on 
a  cutaneous  surface. 

Epithelial  cells  have  the  power  of  living  for  some  time  after 
being  separated  from  their  normal  surroundings,  and  of  growing 
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a^aiii  when  once  more  placed  in  favourable  circumstances.  On 
this  fact  the  practice  of  skin-grafting  is  based. 

Repair  of  Tendons.— When  a  tendon  is  divided,  -the  end 
nearer  the  muscle  fibres  is  drawn  away  from  the  other,  leaving 
a  gap  which  is  speedily  filled  by  blood-clot.  In  the  course  of 
a  few  days  this  clot  becomes  permeated  by  granulation  tissue, 
the  fibroblasts  of  which  are  derived  from  the  sheath  ot  the 
tendon,  the  surrounding  connective  tissue,  and  probably  also 
from  the  divided  ends  of  the  tendon  itself.  •  These  fibroblasts 
ultimately  develop  into  typical  tendon  cells,  and  the  fibres 
which  they  form  constitute  the  new  tendon  fibres,  in  the 
course  of  this  reparative  process  it  is  not  uncommon  for  the 
tendon  and  its  sheath  to  become  adherent,  which  leads  to  im- 
paired movement  and  stiffness. 

Repair  of  Cartilage.— Qolutions  in  continuity  of  cartilage 
are  usually  repaired  by  ordinary  cicatricial  fibrous  tissue.  This 
takes  place,  for  examjple,  when  a  portion  of  articular  cartilage 
is  divided  by  incision  or  by  a  fracture  implicating  the  articular 
end  of  a  bone. 

In  other  cases,  such  as  in  fractures  of  costal  cartilage  or  of 
the  cartilages  of  the  larynx,  the  cicatricial  tissue  is  ultimately 
replaced  by  bone. 

It  is,  however,  possible  for  a  metaplastic  transformation  of 
connective-tissue  cells  into  cartilage  cells  to  take  place,  the 
characteristic  hyaline  matrix  being  secreted  by  the  new  cells. 
This  is  sometimes  observed  as  an  intermediary  stage  in  the 
healing  of  fractures,  especially  in  young  bones.  It  may  also 
take  place  in  the  regeneration  of  lost  portions  of  cartilage, 
provided  the  new  tissue  is  so  situated  as  to  constitute  part 
of  a  joint  and  to  be  subjected  to  pressure  by  an  opposing 
cartilaginous  surface.  This  is  illustrated  by  what  takes  place 
after  excision  of  joints  where  it  is  desired  to  restore  the  function 
of  the  articulation.  By  carrying  out  movements  between  the 
constituent  parts,  the  fibrous  tissue  covering  the  ends  of  the 
bones  becomes  moulded  into  shape,  its  cells  take  on  the 
characters  of  cartilage  cells,  and  forming  a  matrix,  so  develop 
a  new  cartilage. 

Conversely,  it  is  observed  that  when  articular  cartilage  is  no 
longer  subjected  to  pressure  by  an  opposhig  cartilage,  it  tends 
to  be  transformed  into  fibrous  tissue,  as  may  be  seen  in 
deformities  attended  with  displacement  of  articular  surfaces, 
such  as  hallux  valgus  and  club-foot. 

Repair  of  Bone. — The  repair  of  bone  is  most  conveniently 
considered  in  relation  to  fractures.    The  steps  in  the  reparative 
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process  are  practically  identical  whether  the  bone  has  been 
broken  by  external  violence,  or  divided  in  the  operation  of 
osteotomy,  in  resection  of  a  segment  of  the  bone,  or  in  excision 
of  a  joint. 

ReiMir  of  Muscle. — Neither  unstriped  nor  striped  muscle 
seems  to  be  capable  of  being  regenerated  to  any  but  a  moderate 
degree.  If  the  ends  of  a  divided  muscle  are  at  once  brought 
into  ajjposition  by  stitches,  primary  union  takes  place  with  a 
minimum  of  intervening  fibrous  tissue.  The  nuclei  of  the 
muscle  fibres  in  close  proximity  to  this  young  cicatricial  tissue 
proliferate,  and  a  few  new  muscle  fibres  may  be  developed,  but 
any  gross  loss  of  muscular  tissue  is  replaced  by  a  fibrous 
cicatrix.  It  would  appear  that  portions  of  muscle  transplanted 
from  animals  to  fill  up  gaps  in  human  muscle  are  similarly 
replaced  by  fibrous  tissue.  When  a  muscle  is  paralysed  from 
loss  of  its  nerve-supply  and  undergoes  complete  degeneration, 
it  is  not  capable  of  being  regenerated,  even  should  the  integrity 
of  the  nerve  be  restored,  and  so  its  function  is  permanently 
lost. 

The  Re'pair  of  Blood-vessels  is  described  at  p.  274. 

Regeneration  of  Secretory  Glands. — The  regeneration  of 
secretory  glands,  such  as  the  salivary  glands,  liver,  and  kidney, 
is  usually  incomplete.  The  greater  part  of  a  gap  left  in  such 
organs  is  filled  by  cicatricial  tissue,  but  in  some — for  example, 
the  liver .  and  kidney — the  epithelial  cells  of  the  remaining 
glandular  tissue  proliferate,  and  a  certain  degree  of  regeneration 
takes  place. 

Regeneration  of  Intestine  and  other  Composite  Structures. — 
Composite  structures  like  the  intestine,  the  oesophagus,  the 
bladder,  or  the  urethra,  are  repaired  by  the  formation  of 
cicatricial  tissue,  each  constituent  element  behaving  after  the 
manner  of  its  kind.  Thus  the  muscular  and  glandular  tissues 
are  not  reproduced,  while  the  fibrous,  vascular,  and  lining 
epithelial  elements  are. 

Regeneration  of  Nerve  Tissues. — There  is  no  trustworthy 
evidence  that  regeneration  of  the  tissues  of  the  brain  or  spinal 
cord  in  man  ever  takes  place.  Any  loss  of  substance  is  replaced 
by  cicatricial  tissue. 

The  Regeneration  of  Peripheral  Nerves  is  described  at  p.  351. 
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CONDITIONS  WHICH  INTERFERE  WITH  REPAIR 

Want  of  rest— Irritation  — Unhealthy  tissues  — Pathogenic  bacteria 
SuEGiCAL  Bacteriology- Introduction  — General  characters  ot 
bacteria  — Classification  of  bacteria  —  Conditions  of  bacterial  life- 
Pathogenic  powers  of  bacteria— Results  of  bacterial  growth— Deai;h 
of  bacteria— Immunity— Antitoxic  sera— Identification  of  bacteria 
—Pyogenic  Bacteria.  Leucocytosis.  The  Temperatuee  in 
Surgical  Diseases. 

The  general  process  of  ideal  repair,  and  its  modifications  in  the 
regeneration  of  the  different  tissues  that  have  been  studied, 
are  liable  to  be  interrupted  or  completely  arrested  by  various 
extraneous  influences  which  it  is  the  duty  of  the  surgeon  to 
prevent  or  remove. 

Of  such  conditions  the  first  is  icant  of  rest.  "  The  first  and 
great  requisite  for  the  restoration  of  injured  parts  is  rest,"  said 
John  Hunter ;  and  physiological  and  mechanical  rest  as  the  chief 
of  natural  therapeutic  agents  was  the  theme  of  John  Hilton's 
classical  work.  By  "rest,"  in  this  connection,  is  meant  not 
merely  a  state  of  physical  repose,  but  in  addition  as  complete 
cessation  of  all  physiological  and  mechanical  function  as  is 
possible.  A  tuberculous  joint,  for  example,  must  be  enclosed 
in  splints  in  such  a  way  as  to  prevent  all  movement  of  its  con- 
stituent bones ;  or  an  inflamed  eye  must  be  protected  from  the 
light,  in  addition  to  having  its  movements  arrested. 

Another  fertile  source  of  interference  with  repair  in  surgical 
wounds  is  irritatio7i,  either  by  mechanical  agents  such  as  rough, 
unsuitable  dressings,  bandages,  or  ill-litting  splints;  or  by 
chemical  agents  in  the  form  of  strong  lotions  or  other  applications. 

An  unhealthy  or  devitalised  condition  of  the  patient^s  tissues 
also  hinders  the  reparative  process.  Bruised  or  lacerated  skin 
heals  less  kindly  than  skin  cut  with  a  smooth,  sharp  instrument ; 
and  persistent  venous  congestion  of  a  part,  such  as  occurs,  for 
example,  in  the  leg  when  the  veins  are  varicose,  by  preventing 
the  access  of  healthy  blood,  tends  to  delay  the  healing  of  open 
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wounds.  The  existence  of  grave  constitutional  disease,  such 
as  Blight's  disease,  diabetes,  syphihs,  scurvy,  or  alcoholism,  also 
impedes  healing. 

Infection  by  disease-producing  micro-organisms  or  pathogenic 
bacteria  is,  however,  the  most  potent  factor  in  disturbing  the 
natural  process  of  repair  in  surgical  wounds. 

StTEGiCAL  Bacteriology 

Within  recent  years  the  whole  science  of  pathology  has  been 
revolutionised  by  the  knowledge  which  has  accumulated  re- 
garding the  nature  of  micro-organisms,  and  their  relation  to 
disease.  So  much  has  bacteriology  come  to  dominate  every 
department  of  surgery  in  particular,  that  it  is  now  the  stand- 
point from  which  nearly  all  surgical  questions  have  to  be 
considered.  In  no  department  of  medical  science  has  so  much 
progress  been  made,  or  such  a  wealth  of  information  and 
literature  arisen,  in  a  corresponding  period  of  time.  It  is 
therefore  necessary  that  we  should  here  confine  our  attention 
to  such  aspects  of  the  subject  as  have  a  direct  surgical  bearing. 

The  term  sepsis  as  now  used  in  clinical  surgery  no  longer 
retains  its  original  meaning  as  synonymous  with  "putrefaction," 
but  is  employed  to  denote  all  conditions  in  which  bacterial  in- 
fection has  taken  place,  and  more  particularly  those  in  which 
pyogenic  bacteria  are  present.  In  the  same  way  the  term 
aseptic  conveys  the  idea  of  freedom  from  all  forms  of  bacteria, 
putrefactive  or  otherwise ;  and  the  term  antiseptic  is  used  to 
denote  a  power  of  counteracting  bacteria  and  their  products. 

General  Characters  of  Bacteria. — The  term  bacteria  is  em- 
ployed in  a  generic  sense  to  include  all  the  forms  of  minute 
vegetative  organisms  of  which  the  science  of  bacteriology  treats, 
and  is  to  be  accepted  as  synonymous  with  such  terms  as  micro- 
organisms, microbes,  and  germs. 

A  bacterium  consists  of  a  finely  granular  mass  of  protoplasm, 
enclosed  in  a  thin,  gelatinous  envelope.  Many  forms  are  motile 
—some  in  virtue  of  fine  thread-like  flagella,  and  others  through 
contractility  of  the  protoplasm.  The  great  majority  multiply 
by  simple  fission,  each  parent  cell  giving  rise  to  two  daughter 
cells,  and  this  process  goes  on  with  such  extraordinary  rapidity, 
that  it  has  been  computed  that  in  twenty-four  hours  from  one 
individual  bacterium  seventeen  millions  of  similar  cells  may  be 
produced.  Other  varieties,  particularly  bacilli,  are  propagated 
by  the  formation  of  spores,  but  as  most  spore-forming  bacteria 
give  rise  to  only  one  spore,  this  is  rather  a  process  of  rejuven- 
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esceuce  than  of  multiplication.  A  spore  is  a  minute  mass  of 
protoplasm  surrounded  by  a  dense,  tough  membrane,  developed 
in  the  interior  of  the  parent  cell.  Spores  are  remarkable  for 
their  tenacity  of  life,  and  for  the  resistance  they  offer  to  the 
action  of  heat  and  chemical  germicides.  _ 

Bacteria  are  most  conveniently  classified  according  to  their 
shapes.  Thus  we  recognise  (1)  those  that  are  globular— cocci ; 
(•2)  those  that  resemble  a  vod—haciUi ;  (3)  the  spiral  or  wavy 
forms — spirilla. 

Cocci  or  micrococci  are  minute  round  bodies,  averaging  about 
1  ^  in  diameter.  The  great  majority  are  non-motile.  They 
multiply  by  fission ;  and  when  they  divide  in  such  a  way  that 
the  resulting  cells  remain  in  pairs,  are  called  diplococci,  of 
which  the  bacteria  of  gonorrhoea  and  pneumonia  are  examples 
(Fig.  4).  When  they  divide  irregularly  and  form  grape-like 
bunches,  they  are  known  as  stajjhylococci,  and  to  this  variety 
the  commonest  pyogenic  or  pus-forming  organisms  belong 
(Fig.  1).  When  division  takes  place  only  in  one  axis,  so  that 
long  chains  are  formed,  the  term  streptococcus  is  applied 
(Fig.  2).  Streptococci  are  met  with  in  erysipelas  and  various 
other  inflammatory  and  suppurative  processes  of  a  spreading 
character. 

Bacilli  are  rod-shaped  bacteria,  usually  at  least  twice  as 
long  as  they  are  broad.  Some  multiply  by  fission,  others  by 
sporulation.  Some  forms  are  motile,  others  are  non-motile. 
Tuberculosis,  tetanus,  anthrax,  and  many  other  surgical 
diseases  are  due  to  diiferent  forms  of  bacilli. 

Spirilla  are  long,  slender,  thread-like  cells,  more  or  less 
spiral  or  wavy.  Some  move  by  a  screw-like  contraction  of  the 
protoplasm,  some  by  flagella.  The  spirocheete  associated  with 
syphihs  (Fig.  36)  is  the  most  important  member  of  this 
group. 

Conditions  of  Bacterial  Life. — The  first  essential  to  the 
growth  and  development  of  bacteria  is  a  suitable  food-supply 
in  the  form  of  proteids  and  carbohydrates,  which  complex 
organic  substances  they  break  up,  in  the  act  of  nourishing 
themselves,  into  simpler  elements.  Certain  mineral  salts  are 
also  necessary.  An  alkaline  medium  favours  bacterial  growth ; 
and  moisture  is  a  necessary  condition,  but  spores  can  survive 
the  want  of  water  for  much  longer  periods  than  fully  developed 
bacteria.  The  necessity  for  oxygen  varies  in  different  species. 
Those  which,  like  the  bacillus  proteus  vulgaris,  can  only 
flourish  in  its  presence  are  known  as  aerobic  bacilli,  or  aerobes ; 
those,  such  as  the  bacillus  of  tetanus  and  of  malignant  oedema, 
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which  will  not  live  in  the  presence  of  oxygen,  are  spoken  of  as 
anaerobic.    The  great  majority  of  bacteria,  however,  while 
they  prefer  oxygen,  are  able  to  live  without  it,  and  are  called 
facultative  anaerobes. 

The  most  suitable  temperature  for  bacterial  life  is  from  95° 
to  102°  F.,  roughly  that  of  the  human  body.  Extreme  or 
prolonged  cold  paralyses  but  does  not  kill  micro-organisms. 
Few,  however,  survive  being  raised  to  a  temperature  of  134^°  F. 
Boiling  for  ten  to  twenty  minutes  will  kill  not  only  bacteria, 
but  even  their  most  resistant  spores.  Direct  sunlight,  electric 
light,  or  even  diffuse  daylight,  is  inimical  to  the  growth  of 
bacteria. 

Pathogenic  Properties  of  Bacteria. — We  are  now  only 
concerned  with  pathogenic  bacteria — that  is,  bacteria  capable  of 
producing  disease  in  the  human  subject.  This  capacity  depends 
upon  two  sets  of  factors — (1)  certain  features  peculiar  to  the 
invading  bacteria,  and  (2)  others  peculiar  to  the  host.  Many 
bacteria  have  only  the  power  of  living  upon  dead  matter,  and 
are  known  as  saprophytes.  Such  as  do  flourish  in  living  tissue 
are,  by  distinction,  known  as  parasites.  The  power  a  given 
parasitic  micro-organism  has  of  multiplying  in  the  body  and 
giving  rise  to  disease  is  spoken  of  as  its  virulence,  and  this 
varies  not  only  with  different  species,  but  in  the  same  species 
at  different  times  and  under  varying  circumstances.  The 
actual  number  of  organisms  introduced  is  arlso  an  important 
factor  in  determining  their  pathogenic  power.  Healthy  tissues 
■can  resist  the  invasion  of  a  certain  number  of  bacteria  of  a 
given  species,  but  when  that  number  is  exceeded,  the  organisms 
get  the  upper  hand  and  disease  results.  If  organisms  gain 
access  directly  to  the  blood-stream,  they  as  a  rule  produce 
their  effects  more  certainly  and  with  greater  intensity  than 
when  they  are  introduced  into  the  tissues. 

Further,  the  virulence  of  an  organism  is  modified  by  the 
condition  of  the  patient  into  whose  tissues  it  is  introduced.  So 
long  as  a  person  is  in  robust  health,  the  tissues  are  able  to  resist 
the  attacks  of  moderate  numbers  of  most  bacteria.  Any  lower- 
ing of  the  vitality  of  the  individual,  however,  either  locally  or 
generally,  at  once  renders  him  more  susceptible  to  infection. 
Thus  bruised  or  torn  tissue  is  much  more  liable  to  infection 
with  pus-producing  organisms  than  tissues  clean-cut  with  a 
knife  ;  also,  after  certain  diseases,  the  liability  to  infection  by 
the  organisms  of  diphtheria,  pneumonia,  or  erysipelas  is  much 
increased.  Even  such  slight  depression  of  vitality  as  results 
from  bodily  fatigue,  or  exposure  lo  cold  and  damp,  may  be 
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sufficient  to  turn  the  scale  in  the  battle  between  the  tissues  and 
the  bacteria.  Age  is  an  important  factor  in  regard  to  the 
action  of  certain  bacteria.  Young  subjects  are  attacked  by 
diphtheria,  tuberculosis,  acute  osteomyelitis,  and  some  other 
diseases  with  greater  frequency  and  severity  than  those  of  more 
advanced  years. 

In  different  races,  localities,  environments,  and  seasons,  the 
pathogenic  powers  of  certain  organisms,  such  as  those  of  ery- 
sipelas, diphtheria,  and  acute  osteomyelitis,  vary  considerably. 

There  is  evidence  that  a  mixed  infection — that  is,  the  intro- 
duction of  more  than  one  species  of  organism,  for  example, 
the  tubercle  bacillus  and  a  pyogenic  staphylococcus — increases 
the  severity  of  the  resulting  disease.  If  one  of  the  varieties 
gain  the  ascendancy,  the  poisons  produced  by  the  others  so 
devitalise  the  tissue  cells,  and  diminish  their  power  of  resist- 
ance, that  the  virulence  of  the  most  active  organism  is  in- 
creased. On  the  other  hand,  there  is  reason  to  believe  that 
the  products  of  certain  organisms  antagonise  one  another — for 
example,  an  attack  of  erysipelas  may  effect  the  cure  of  a  patch  . 
of  tuberculous  lupus. 

Lastly,  in  patients  suffering  from  chronic  wasting  diseases, 
bacteria  may  invade  the  internal  organs  by  the  blood-stream 
in  enormous  numbers  and  with  great  rapidity,  during  the 
period  of  extreme  debility  which  shortly  precedes  death. 
The  discovery  of  such  collections  of  organisms  on  post-mortem 
examination  may  lead  to  erroneous  conclusions  being  drawn 
as  to  the  cause  of  death. 

Results  of  Bacterial  Growth. — Some  organisms,  such  as  those 
of  tetanus  and  erysipelas,  and  certain  of  the  pyogenic  bacteria, 
show  little  tendency  to  pass  far  beyond  the  point  at  Avhich 
they  gain  an  entrance  to  the  body.  Others,  on  the  contrary, — 
for  example,  the  tubercle  bacillus  and  the  organism  of  acute 
osteomyelitis, — although  frequently  remaining  localised  at  the 
seat  of  inoculation,  tend  to  pass  to  distant  parts,  lodging  in  the 
capillaries  of  joints,  bones,  kidney,  or  lungs,  and  there  pro- 
ducing their  deleterious  effects. 

In  the  human  subject,  multiplication  in  the  blood-stream  does 
not  occur  to  any  great  extent,  and  organisms  can  seldom  be 
detected  for  diagnostic  purposes  in  the  blood,  either  on  micro- 
scopic examination  or  by  culture. 

It  is  by  the  vital  changes  they  bring  about  in  the  parts  where 
they  settle  that  micro-organisms  disturb  the  health  of  the 
patient.  In  deriving  nourishment  from  the  complex  organic 
compounds  in  which   they  flourish,   the   organisms  evolve, 
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probably  by  means  of  a  ferment,  certain  chemical  products 
known  as  toxins.  When  these  poisons  are  absorbed  into  the 
general  circulation,  they  give  rise  to  certain  groups  of  symptoms 
— such  as  rise  of  temperature,  associated  circulatory  and  re- 
spiratory derangements,  interference  with  the  gastro-intestinal 
functions  and  also  with  those  of  the  nervous  system — which  go 
to  make  up  the  condition  known  as  blood-poisoning,  toxaemia, 
or  bacterial  intoxication.  In  addition  to  this,  certain  bacteria 
produce  toxins  that  give  rise  to  definite  and  distinct  groups 
of  symptoms — such  as  the  convulsions  of  tetanus,  or  the 
paralyses  that  follow  diphtheria. 

Local  lesions  also,  of  an  inflammatory,  suppurative,  or 
ulcerative  character,  result  from  the  action  of  certain  organisms 
and  their  products,  as  in  tuberculosis,  typhoid  fever,  anthrax, 
and  diphtheria. 

Death  of  Bacteria. — Under  certain  circumstances,  it  would 
appear  that  the  accumulation  of  the  toxic  products  of  bacterial 
action  tends  to  interfere  with  the  continued  life  and  growth  of 
the  organisms  themselves,  and  in  this  way  the  natural  cure  of 
certain  diseases  is  brought  about.  Outside  the  body,  bacteria 
may  be  killed  by  starvation,  by  want  of  moisture,  by  being  sub- 
jected to  high  temperature,  or  by  the  action  of  certain  chemical 
agents,  of  which  carbolic  acid  and  the  perchloride  and  biniodide 
of  mercury  are  the  most  powerful. 

Immunity. — It  has  long  been  known  that  some  persons 
are  insusceptible  to  infection  by  certain  diseases,  from  which 
they  are  said  to  enjoy  a  natural  immunity.  It  is  also  well  estab- 
lished in  the  case  of  many  acute  diseases — it  is  probably  true  of 
all — that  one  attack  protects  the  patient,  for  a  time  at  least, 
from  a  second  attack.  This  is  known  as  an  acquired  immunity. 
It  would  appear  that  immunity  is  acquired  by  the  introduction 
into  the  system  of  certain  products  of  living  cells,  which  are 
antagonistic  either  to  toxins  or  to  the  vital  activity  of  bacteria. 
These  substances,  known  as  antitoxins,  are  formed  in  the  course 
of  the  disease  by  certain  cells  of  the  body,  and  probably  repre- 
sent a  normal  constituent  of  such  cells,  produced  in  increased 
quantity.  The  chief  role  in  the  formation  of  these  antitoxin 
bodies  is  played  by  the  leucocytes,  which,  as  Metchnikoff 
showed,  have  the  power  of  ingesting  bacteria.  To  this  process 
he  gave  the  name  of  phac/ocytosis,  and  he  recognised  two  forms 
ot  phagocytes  :  (1)  the  microphacjes,  which  are  the  polymorpho- 
nuclear leucocytes  of  the  blood  ;  and  (2)  the  macrophages,  which 
include  the  larger  hyaline  leucocytes,  endothelial  cells,  and 
connective-tissue  corpuscles.    The  phagocytes  are  attracted  to 
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the  bacteria  by  chemiotaxis,  and  in  the  process  of  phagocytosis, 
when  the  cells  are  broken  np,  certain  digestive  ferments  called 
opsonins,  or  alexines,  are  given  off  by  the  leucocytes,  and  enter 
the  blood  serum.  These  opsonins  act  on  the  bacteria  by  a 
process  comparable  to  narcotisation,  and  render  them  a  suitable 
prey  for  the  phagocytes,  which  then  ingest  and  destroy  them. 
In  the  absence  of  opsonins  the  phagocytes  are  powerless  against 
the  bacteria.  When  the  blood  serum  contains  a  sufficient 
quantity  of  opsonin  to  affect  all  the  bacteria  present,  ^  the 
disease  is  cured,  and  so  long  as  this  proportion  is  maintained 
the  patient  is  immune. 

In  normal  blood  there  is  a  certain  quantity  of  opsonin, 
capable  of  dealing  with  a  proportionate  number  of  a  particular 
organism,  for  example,  the  tubercle  bacillus.  This  proportion 
is  spoken  of  as  the  opsonic  index  of  the  blood.  For  clinical 
purposes  the  opsonic  index  is  estimated  by  comparing  the 
number  of  organisms  ingested  by,  say,  one  hundred  phagocytes 
from  a  normal  blood — usually  that  of  the  observer — with  the 
number  ingested  by  the  same  number  of  phagocytes  from  the 
blood  of  the  patient  under  investigation.  The  index  of  the 
normal  blood  is  taken  as  unity,  and  that  of  the  diseased  blood 
is  represented  in  decimal  fractions  of  1.  When  the  opsonic 
index  is  below  the  normal  for  the  patient,  he  is  said  to  be  in  a 
negative  phase,  the  phagocytes  being  then  less  capable  of 
dealing  with  bacteria ;  when  it  rises  above  the  level  at  which 
it  originally  stood,  he  is  in  the  positive  phase,  and  the  phago- 
cytic power  is  correspondingly  improved. 

The  practical  application  of  these  facts  is  that  vaccines  and 
antibacterial  sera  should  not  be  given  while  a  patient  is  in  a 
negative  phase,  as  a  certain  amount  of  the  opsonin  in  the  blood 
is  used  up  in  neutralising  the  substances  injected,  and  this  may 
reduce  the  opsonic  index  to  such  an  extent  that  the  vaccines 
themselves  become  dangerous.  If  given  during  a  positive 
phase,  the  vaccines  raise  the  opsonic  index  and  stimulate  the 
phagocytes,  so  enabling  them  to  deal  with  the  organisms 
causing  the  disease. 

Artificial  Immunity. — Immunity  from  certain  diseases  may 
be  produced  by  artificial  inoculation  with  the  products  of  the 
organisms  that  cause  them. 

This  artificial  immunity  may  be  induced  in  one  of  two 
ways — (a)  by  injecting  into  an  animal  a  series  of  non-lethal 
doses  of  an  organism  or  its  toxins  ;  or  (/;)  by  injecting  the  serum 
of  an  animal  highly  immunised  by  the  previous  method.  The 
latter  is  the  principle  on  which  the  modern  antitoxin  method 
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of  treatment  is  based,  and  it  may  act  either  against  specific 
toxins  as  in  the  case  of  the  anti-diphtheric  and  the  anti-tetanus 
sera  {antitoxic  sera),  or  against  specific  organisms,  as  in  the 
anti-streptococcic  serum  {anti-microhic  sera). 

The  antitoxic  sera  are  produced  by  a  process  of  which  the 
following  are  the  essential  steps : — (1)  a  powerful  toxin  is 
obtained  from  artificial  cultures  of  a  highly  virulent  organism. 
(2)  The  power  of  this  toxin  is  estimated  by  experimental  injec- 
tions into  animals  of  known  weight,  until  a  standard  of  toxicity 
is  obtained ;  (3)  a  large  animal — for  example,  the  horse — after 
being  rendered  immune  by  gradually  increasing  doses  of  this 
toxin,  is  bled  aseptically,  and  the  serum  after  separating  is 
ready  for  use,  0-5  per  cent,  of  carbolic  acid  being  added  to 
prevent  decomposition.  (4)  By  experiments  on  animals  the 
immunising  value  ("unit  of  immunity")  of  this  serum  is  then 
obtained,  and  the  clinical  dose  determined.  ^ 

Clinical  Use  of  Antitoxic  Sera. — Each  antitoxic  serum  has 
its  own  appropriate  dose  depending  upon  the  value  of  its  unit 
of  immunity.  Every  precaution  must  be  taken  to  prevent 
organismal  contamination  of  the  serum  or  of  the  apparatus  by 
means  of  which  it  is  injected.  Syringes  are  so  made  that  they 
can  be  sterilised  by  boiling.  The  best  situations  for  injection 
are  under  the  skin  of  the  abdomen,  the  thorax,  or  the  buttock, 
and  the  skin  should  be  purified  at  the  seat  of  puncture.  If 
the  bulk  of  the  full  dose  is  large,  it  should  be  divided  and 
injected  into  different  parts  of  the  body,  not  more  than  20  c.c. 
being  injected  at  one  place.  The  immunity  produced  by 
injections  of  antitoxic  sera  lasts  only  for  a  comparatively  short 
time,  seldom  longer  than  a  few  weeks. 

Vaccine  Treatment. — Another  outcome  of  the  study  of 
phagocytosis  in  relation  to  the  production  of  immunity  is  the 
vaccine  method  of  treating  bacterial  infections,  introduced  by 
A.  E.  Wright.  This  consists  in  injecting,  while  the  disease  is 
still  active,  specially  prepared  dead  cultures  of  the  causative 
organisms,  and  is  based  on  the  fact  that  these  "  vaccines  "  raise 
the  opsonic  power  of  the  fluids  of  the  body,  and  so  render 
the  bacteria  in  the  tissues  less  able  to  resist  the  attacks 
of  the  phagocytes.  The  method  is  most  successful  when  the 
vaccine  is  prepared  from  organisms  isolated  from  the  patient 
himself,  but  when  this  is  impracticable,  or  takes  a  considerable 
time,  laboratory-prepared  "  stock  "  vaccines  may  be  used. 

The  following  are  the  essential  steps  in  the  preparation  of 
the  vaccine  :  a  pure  culture  of  the  organism  is  made  on  a  suit- 
able medium,  such  as  agar  or  blood-agar;  after  eighteen  or 
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twenty-four  hours  the  growth  is  washed  in  normal  saline 
solution,  and  killed  by  heatj  the  einulsion  thus  obtained  is 
"  standardised  "  by  estimating  the  number  of  dead  bacteria  in 
a  given  volume,  and  the  dose  of  this  particular  vaccine  is  thus 
determined.  The  number  of  bacteria  constituting  a  dose  varies 
from  250  millions  to  500  millions. 

Before  using  the  vaccine,  the  opsonic  index  may  be  taken  to 
make  certain  that  the  patient  is  not  in  a  negative  phase,  and  a 
small  dose  is  then  injected  into  the  subcutaneous  tissue,  a  part 
being  selected  which  is  not  liable  to  pressure,  as  there  is  some- 
times a  considerable  local  reaction.  The  entrance  of  the  vaccine 
usually  induces  a  fall  in  the  opsonic  index  (negative  phase), 
but  if  the  treatment  is  going  to  be  successful,  this  is  soon 
followed  by  a  rise  above  the  original  level  (positive  phase),  and 
the  local,  as  well  as  the  general,  condition  of  the  patient  shows 
signs  of  improvement.  Repeated  doses  may  be  necessary  at 
intervals  of  a  few  days,  care  being  taken  that  the  injections  are 
not  made  while  a  negative  phase  is  in  progress.  While  the 
estimation  of  the  opsonic  index  before  each  injection  may  be 
supposed  to  render  the  treatment  safer  and  more  certain,  it  is 
not  always  practicable,  and  in  many  cases  can  be  dispensed 
with,  provided  always  the  patient  is  not  obviously  worse  at 
the  time. 

The  vaccine  treatment  has  been  successfully  employed  for 
various  tuberculous  lesions,  in  pyogenic  infections  such  as 
acne,  boils,  sycosis,  streptococcal,  pneumococcal,  and  gono- 
coccal conditions,  in  infections  of  the  accessory  air  sinuses,  and 
in  other  diseases  caused  by  bacteria. 

Identification  of  Bacteria, — In  identifying  different  organ- 
isms, various  facts  regarding  the  morphology  and  life-history  of 
bacteria  are  made  use  of.  Thus,  by  means  of  the  microscope 
the  general  histological  characters  may  be  studied  after  staining 
with  certain  aniline  dyes.  Again,  different  organisms  vary  in 
their  behaviour  on  such  artificial  culture-media  as  gelatin,  agar- 
agar,  bouillon,  potato,  etc.,  with  regard  to  the  rapidity  and 
direction  of  growth ;  the  colour  and  smell  of  the  growing 
colonies  ;  and  the  effect  these  have  upon  the  medium  in  which 
they  grow,  some  species  evolving  gases,  others  changing  the 
chemical  reaction  of  the  medium.  \^ariations  also  occur  depend- 
ing on  the  temperature  at  which  the  organisms  are  incubated, 
the  presence  or  absence  of  oxygen,  and  other  like  conditions. 
Lastly,  by  inoculation  in  animals  of  diilerent  species  and  in 
different  tissues,  information  valuable  for  the  purpose  of 
diagnosis  may  be  obtained. 

VOL.  I. — 2 
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Pyogenic  Bacteria 

From  the  point  of  view  of  the  surgeon  the  most  important 
varieties  of  micro-organisms  are  those  that  cause  inflamma- 
tion and  suppuration— the  pyogenic  bacteria.  This  group  in- 
ludes  a  great  many  species,  and  these  are  so  widely  distributed 
that  they  are  to  be  met  with  under  all  conditions  of  everyday 
life. 

The  nature  of  the  inflammatory  and  suppurative  processes 
will  be  considered  in  detail  later  ;  suffice  it  here  to  say  that 


Fig  1.— Staphylococcus  aureus  in  I'us  irom  case  of  Osteomyelitis. 

X  1000  diam. 

a  =  Masses  of  staphylococci.  6= Altered  and  degenerated  pus  cells. 

they  are  brought  about  by  the  action  of  one  or  other  of  the 
organisms  that  we  have  now  to  consider. 

It  is  found  that  the  staphylococci,  which  cluster  into  groups, 
tend  to  produce  localised  lesions;  while  the  chaiii-forms- 
streptococci-&y^xi^^  to  diftuse,  spreading  conditions.  Many 
varieties  of  pyogenic  bacteria  have  now  been  diflerentiated,  the 
best  known  being  the  staphylococcus  aureus,  the  streptococcus, 
and  the  bacillus  coli  communis. 
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Staphylococcus  Aureus. — This  is  the  commonest  organism 
found  in  localised  inflammatory  and  suppurative  conditions. 
It  varies  greatly  in  its  virulence,  and  is  found  in  such  widely 
different  conditions  as  skin  pustules,  boils,  carbuncles,  and 
some  acute  inflammations  of  bone.  As  seen  by  the  microscope 
it  occurs  in  grape-like  clusters,  fission  of  the  individual  cells 
taking  place  irregularly  (Fig.  1).  It  grows  readily  in  artificial 
media,  such  as  agar,  on  the  surface  of  which  it  forms  a 


6 


Fig.  2. — Streptococci  in  Pus  from  case  of  Diffuse  Cellulitis. 
X 1000  diam. 

a  =  Chains  of  streptococci.  6  =  Pus  cells. 


brilliant  orange  film,  or  on  gelatin,  which  it  liquefies,  the 
organisms  forming  an  orange-yellow  deposit  at  the  bottom  of 
the  tube — hence  the  term  aureus.  It  is  of  high  vitality,  and 
resists  more  prolonged  exposure  to  high  temperatures  than  most 
non-sporing  bacteria.  It  is  capable  of  lying  latent  in  the 
tissues  for  long  periods,  for  example  in  the  marrow  of  long 
bones,  and  of  again  becoming  active  and  causing  a  fresh  out- 
break of  suppuration.  This  organism  is  widely  distributed  :  it 
is  found  on  the  skin,  in  the  mouth,  and  in  other  situations  in 
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the  body,  and  as  it  is  present  in  the  dust  of  the  air  and  on  all 
objects  upon  which  dust  has  settled,  it  is  a  constant  source  of 
infection  unless  means  are  taken  to  exclude  it  from  wounds. 

The  staphylococcus  albus  is  much  less  common  than  the 
aureus,  but  has  the  same  properties  and  characters,  save  that 
its  growth  on  artificial  media  assumes  a  white  colour.  It  is  the 
conimon  cause  of  stitch  abscesses,  the  skin  being  its  normal 

habitat.  .       ,         .  . 

Streptococcus  Pyogenes.— This  organism  also  vanes  greatly  in 


FIG  3  -Bacillus  coli  commuuis  in  Pus  from  Abdominal  Abscess. 
X 1000  diam. 


its  virulence  but  the  conditions  that  determine  the  variations 
are  aTyet  imperfectly  understood.    In  some  -f'^ 

slowly.    At  the  same  time  its  products  aie  veij  poiei 
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destroying  the  tissues  in  their  vicinity,  and  so  interfering  with 
the  exudation  of  leucocytes  which  would  otherwise  exercise 
their  protective  influence.  Streptococci  invade  the  lymph 
spaces,  and  are  associated  with  acute  spreading  conditions  such 
as  phlegmonous  or  erysipelatous  inflammations  and  suppura- 
tions, lymphangitis  and  suppuration  in  lymphatic  glands,  and 
inflammation  of  serous  and  synovial  membranes,  also  with  a 
form  of  septic  pneumonia  which  is  prone  to  follow  on  severe 


a 


t 


Fig.  4. — Fraeukel's  Pneumococci  in  Pus  from  Empyema  following 
Pneumonia,     x  1000  diam.    Stained  with  Muir's  capsule  stain. 

«=Pneumococoi  with  capsule.  6  =  Degenerated  pneumococci,  only  the  capsule 

c=Pus  cells.  remaining. 

operations  in  the  mouth  and  throat.  Streptococci  are  also  con- 
cerned in  the  production  of  spreading  gangrene  and  pyj^mia. 

Division  takes  place  in  one  axis,  so  that  chains  of  varying 
length  are  formed  (Fig.  2).  It  is  less  easily  cultivated  in 
artificial  media  than  the  staphylococcus  ;  it  forms  a  whitish 
growth  and  does  not  liquefy  gelatin. 

Bacillus  Coli  Communis. — This  organism,  which  is  a  normal 
inhabitant  of  the  intestinal  tract,  shows  a  great  tendency  to 
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invade  any  organ  or  tissue  whose  vitality  is  lowered.  It 
is  causatively  associated  with  such  conditions  as  peritonitis 
and  peritoneal  suppuration  resulting  from  strangulated  hernia, 
appendicitis,  or  perforation  in  any  part  of  the  alimentary  canal. 
In  cystitis,  pyelitis,  abscess  of  the  kidney,  suppuration  in  the 
bile  ducts  or  liver,  and  in  many  other  abdominal  conditions,  it 
plays  a  most  important  part.  The  discharge  from  wounds 
infected  by  this  organism  has  usually  a  foetid,  or  even  a 
ftecal  odour,  and  often  contains  gases  resulting  from  putre- 
faction. 

It  is  a  small  rod-shaped  organism  with  short  flagella,  which 
render  it  motile  (Fig.  3).  It  closely  resembles  the  typhoid 
bacillus,  but  is  distinguished  from  it  by  its  behaviour  in  artificial 
culture  media. 

Pneumo-haderia. — Two  forms  of  organism  are  associated 
with  pneumonia  —  FraenkeVs  pneumococcus  (one  of  the 
diplococci)  (Fig.  4),  and  Friedldnder's  pneumo-bacillus  (a  short 
rod-shaped  form).  One  or  other  of  these  is  frequently  met 
with  in  inflammations  of  the  serous  and  synovial  membranes,  m 
suppuration  in  the  liver,  and  in  various  other  inflammatory  and 
suppurative  conditions.  . 

Bacillus  Tyjjhosus.— This  organism  has  been  found  m  pure 
culture  in  suppurative  conditions  of  bone,  of  cellular  tissue, 
and  of  internal  organs,  especially  during  convalescence  from 
typhoid  fever.  Like  the  staphylococcus  it  is  capable  of  lying 
latent  in  the  tissues  for  long  periods. 

Other  Pyogenic  Bacteria.— It  is  not  necessary  to  do  more 
than  name  some  of  the  other  organisms  that  are  known  to  be 
pyoc^enic,  such  as  the  bacillus  pyocyaneus,  which  is  found  m 
green  and  blue  pus  ;  the  micrococcus  tetragenus ;  the  gono- 
coccus  :  actinomyces  ;  the  glanders  bacillus,  and  the  tubercle 
bacillus.  Most  of  these  will  receive  further  mention  m  con- 
nection with  the  diseases  to  which  they  give  rise. 

Leucocytosis. -Recent  investigations  have  shown  that  most  bacterial 
diseases  as  well  as  certain  other  pathological  conditions  are  associated 
w  th "n  increase  in  the  number  of  leucocytes  in  the  ^^^l-^  thrm^ 
entire  circulatory  system.  This  condition  of  the  blood,  Ax  lnch  is  known 
I  believed  to  be  due  to  an  excessh-e  out,.u^  rapid 
formation  of  leucocytes  by  the  bone  niarrow,  and  it  probab  y  l  as  its 
obiect  the  arrest  and  destruction  of  the  invading  organisms  oi  toxins 
S  increase  ti  c  resisting  power  of  the  system  to  pathogenic  organisms  an 

aiSaTleueocytosis  maV  be  induced      , -^^-^"<^--°f  .^tionT 
solution  of  nucleinate  of  soda  (16  minims  of  a  5  per  ^  "t  °hi*io°^ 
•     The  norma',  number  of  leucocytes   per  cub  c  "11^1"^;^^^;^^;^^^^ 
different  individuals,  and  in  the  san.e  "i^ivf  i=^l  11  f J  iS  ^500    s  a 
tions,  from  5000  to  10,000.    It  is  generally  accepted  that  /500  is  a 
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normal  average,  and  that  anytliing  above  12,000  is  to  be  considered 
abnormal.  When  leucocytosis  is  present,  the  number  may  range  from 
12,000  to  30,000  or  even  higher  ;  40,000  is.looked  upon  as  a  high  degree 
of 'leucocytosis.  According  to  Ehrlich,  the  following  may  be  taken  as 
the  standard  proportion  of  the  various  forms  of  leucocytes  m  normal 
blood :  polynuclear  neutrophile  leucocytes,  70  to  72  per  cent.  ;  lympho- 
cytes, 22  to  25  per  cent. ;  eosinophile  cells,  2  to  4  per  cent. ;  large  mono- 
nuclear and  transitional  leucocytes,  2  to  4  per  cent.;  mast-cells,  O'O  to  2 
per  cent. 

In  estimating  the  clinical  importance  of  a  leucocytosis,  it  is  not  suHi- 
cieiit  merely  to  count  the  aggregate  number  of  leucocytes  prosent._  A. 
ditl'erential  count  must  be  made  to  determine  which  variety  of  cells  is  in 
excess.  In  the  majority  of  surgical  affections  attended  with  leucocytosis 
it  is  chiefly  the  granular  polymorpho-nuclear  neutrophile  leucocytes  that 
are  in  excess  {ordinary  leucocytosis)'.  In  some  cases,  and  particularly  in 
parasitic  diseases  such  as  tricli'iniasis  and  hydatid  disease,  the  eosinophile 
leucocytes  also  show  a  proportionate  increase  {eosinophilia).  The  term 
hjmphocijtosis  is  applied  when  there  is  an  increase  in  the  number  of 
circulating  lymphocytes,  as  occurs,  for  example,  in  lymphatic  leucaemia, 
and  in  certain  cases  of  syphilis. 

Leucocytosis  is  met  with  in  nearly  all  the  acute  infective  diseases, 
such,  for  example,  as  erysipelas,  diphtheria,  pneumonia,  scarlet  fever, 
and  in  general  septic  infections.  It  is  also  present  in  acute  pyogenic 
inflammatory  affections,  particularly  in  those  attended  with  suppuration — 
for  example,  peritonitis,  appendicitis,  abscesses  in  joints  and  in  internal 
organs.  In  some  cases  of  malignant  disease  the  numbsr  of  leucocytes  is 
increased  to  15,000  or  20,000.  A  few  hours  after  a  severe  hoemorrhage 
also  there  is  usually  a  leucocytosis  of  from  15,000  to  30,000,  which  lasts 
for  three  or  four  days  (Lyon).  In  cases  of  hfemorrhage  the  leucocytosis 
is  increased  by  infusion  of  fluids  into  the  circulation.  After  all  opera- 
tions there  is  at  least  a  transient  leucocytosis  [post-operative  hmcocytosis) 
(F.  I.  Dawson). 

The  degree  of  leucocytosis  is,  as  a  rule,  proportionate  to  the  extent  of 
the  local  lesion,  and  to  the  systemic  reaction  which  the  local  lesion 
excites.  It  is  to  be  borne  in  mind,  however,  that  in  very  acute  septic 
conditions  the  extreme  virulence  of  tlie  toxins  may  prevent  the  leuco- 
cytes reacting,  and  leucocytosis  may  be  absent.  The  absence  of  leuco- 
cytosis in  a  disease  in  which  it  is  usually  present  is  therefore  to  be  looked 
upon  as  a  grave  omen,  particularly  when  the  general  symptoms  are 
severe. 

The  leucocytosis  begins  soon  after  the  infection  manifests  itself — for 
example,  by  shivering,  rigor,  or  rise  of  temperature.  The  number  of 
leucocytes  rises  somewhat  rapidly,  increases  while  the  condition  is 
jirogressing,  and  remains  high  during  the  febrile  period,  but  there  is  no 
constant  correspondence  between  the  number  of  leucocytes  and  the  height 
of  the  temperature.  The  arrest  of  the  inflammation  and  its  resolution 
are  accompanied  by  a  fall  in  the  number  of  leucocytes,  while  the  occur- 
rence of  suppuration  is  attended  with  a  further  increase  in  their  number. 

In  interpreting  the  "blood  count,"  it  is  to  be  kejit  in  mind  that  a 
2)hysiolor)icul  lencocylosis  occurs  within  three  or  four  hours  of  taking  a 
meal,  especially  one  rich  in  proteids,  from  1500  to  2000  being  added  to 
the  normal  number.  In  this  digrslion  hueocylosis  the  increase  is  chiefly 
in  the  polynuclear  neutrophile  leucocytes.  Immediately  before  and  after 
delivery,  particularly  in  primipaire,  there  is  usually  a  moderate  degree  of 
leucocytosis.    If  the  labour  is  normal  and  the  puerperium  uncomplicated, 
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the  number  of  leucocytes  regains  the  normal  in  about  a  week.  Lactation 
has  no  appreciable  effect  on  the  number  of  leucocytes.  In  new-Vwm 
infants  the  leucocyte  count  is  abnormally  high,  ranging  from  15,000  to 
20,000.  In  children  under  one  year  of  age,  the  normal  average  is  from 
10,000  to  20,000. 

Absence  of  Leucocytosis — Leucopenia.- — In  certain  infective  diseases  the 
number  of  leucocytes  in  the  circulating  blood  is  abnonnally  low — 3000  or 
4000 — and  this  condition  is  known  as  leucopenia.  It  occurs  in  typhoid 
fever,  especially  in  the  later  stages  of  the  disease  ;  in  tuberculous  lesions 
— for  example,  tuberculous  peritonitis,  pleurisy,  ostitis,  or  periostitis, 
when  unaccompanied  by  suppuration ;  in  malaria,  and  in  most  cases  of 
uncomplicated  influenza.  The  occurrence  of  leucocytosis  in  any  of  these 
conditions  is  to  be  looked  upon  as  an  indication  that  a  mixed  infection 
has  taken  place,  and  that  some  suppurative  process  is  present. 

The  absence  of  leucocytosis  in  some  cases  of  virulent  septic  poisoning 
has  already  been  referred  to. 

From  what  has  been  said  it  will  be  evident  that  numerous  fallacies 
have  to  be  guarded  against  in  estimating  the  clinical  importance  of 
leucocytosis,  and  that  too  much  reliance  must  not  be  placed  upon  a  single 
observation,  particularly  in  emergency  cases.  Whenever  possible  a  series 
of  observations  should  be  made,  the  blood  being  examined  about  four 
hours  after  meals,  and  about  the  same  hour  each  day. 

The  clinical  significance  of  the  blood  count  in  individual  diseases  will 
be  further  referred  to  later. 

The  Iodine  or  Glycogen  Beaction.— The  leucocyte  count  may  be  sup- 
plemented by  staining  films  of  the  blood  with  a  watery  solution  of  iodine 
and  potassium  iodide.  In  all  advancing  purulent  conditions,  m  septic 
poisonings,  in  pneumonia,  and  in  cancerous  growths  associated  with 
ulceration,  a  certain  number  of  the  polynuclear  leucocytes  arc  stained  of 
a  brown  or  reddish-brown  colour,  due  to  the  action  of  the  iodine  on  some 
substance  in  the  cells  of  the  nature  of  glycogen.  This  reaction  is  absent 
in  serous  eflusions,  in  unmixed  tuberculous  infections,  m  uncomplicated 
typhoid  fever,  and  in  the  early  stages  of  cancerous  gi-owths. 

The  Temperatuee  in  Surgical  Diseases 

It  may  be  convenient  here  to  study  some  of  the  variations  in  tempera- 
ture met  with  in  different  forms  of  surgical  disease.      ,    ,    .  .  , , 

A  marked  raising  of  the  general  temperature  of  the  body  is  one  ot  tlie 
most  constant  and  important  concomitants  of  all  infective  conditions, 
and  the  temperature  chart  forms  a  fairly  reliable  index  of  the  state 
of  the  patient.  The  rise  of  temperature  is  due  to  the  absorption  into  the 
circulation  of  bacterial  products  which  interfere  with  the  special  nerve- 
centres  in  the  medulla  that  regulate  the  balance  between  the  production 
and  the  loss  of  body  heat. 

Clinically  the  temperature  is  estimated  by  means  of  a  self-registenng 
thermometer  placed,  for  from  one  to  five  minutes,  in  close  contact  with 
the  skin  in  the  axilla  ;  or  the  temperature  may  be  taken  in  the  moatli. 
Sometimes  the  thermometer  is  inserted  into  the  rectum,  where,  however, 
the  temperature  is  normally  f  F-  l'igl»er  than  m  the  axilla. 

In  health  the  temperature  of  the  body  is  manitained  at  a  "  can  of 
about  98-4°  F.  (37°  C.)  by  the  heat-regulating  mechanism.  Ihe  tempera- 
ture varies  from,  hour  to  hour  even  in  health.  It  -aches  its  maximum 
between  four  and  eight  in  the  evening,  when  it  may  rise  to  99   1.,  ana 
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is  at  its  lowest  between  four  and  six  in  the  morning,  when  it  may  be 
about  97°  r. 

On  reading  and  interpreting  a  temperature  chart  in  disease,  therefore, 
it  is  necessary  to  make  allowance  for  this  normal  variation,  and  it  is 
interesting  to  observe  in  this  connection  that  an  hourly  chart  of  a  case 
of  acute  septic  infection  runs  parallel  with  the  normal  curve. 

It  is  also  worthy  of  note  that  the  temperature  is  much  more  easily 
disturbed  in  children  than  in  adults,  and  may  become  markedly  elevated 
(104°  or  105°  F.)  from  comparatively  slight  causes  ;  while  in  the  aged  it 
is  less  liable  to  change,  so  that  in  them  a  rise  to  103°  or  104°  F.  is  to  be 
looked  upon  as  indicating  a  high  state  of  fever. 

It  is  rare  for  a  patient  to  live  if  the  temperature  remains  for  any 
length  of  time  above  106°  F.,  although  some  extraordinary  cases  arc 
on  record  in  which  it  has  reached  as  high  as  116°  F.  without  proving 
fatal. 

A  sudden  rise  of  temperature  is  usually  associated  with  a  feeling  of 
chilliness  down  the  back  and  in  the  limbs,  which  may  be  so  marked 
that  the  patient  shivers  violently,  while  the  skin  becomes  cold,  pale, 
and  shrivelled — cutis  anscrina.  This  is  a  nervous  reaction  due  to  a  want 
of  correspondence  between  the  internal  and  the  surface  temperature  of 
the  body,  and  is  known  clinically  as  a  rigor.  "When  the  temperature 
rises  gradually  the  chill  is  usually  very  slight  and  may  be  unobserved. 
Even  during  the  cold  stage,  however,  the  internal  temperature  is  already 
raised,  and  by  the  time  the  chill  has  passed  olf  its  maximum  has  been 
reached. 

These  disturbances  seem  to  follow  the  absorption  of  toxins  into  the 
blood,  and  to  be  due  to  an  interference  with  the  central  heat-regulating 
mechanism. 

The  subsequent  course  of  the  temperature  chart  depends  on  the  nature 
and  amount  of  the  poison  absorbed  :  whether  it  is  the  pure  toxin  of  a 
single  species  of  organism,  or  the  result  of  a  mixed  infection  by  more 
than  one  species  ;  and  whether  the  sujDply  is  intermittent  or  continuous. 
It  follows,  therefore,  that  certain  gi'oups  of  surgical  conditions  present 
particular  types  of  temperature  curve  resembling  one  another  more  or  less 
closely. 

In  acute  saprcmiia,  for  instance,  where  the  patient  aljsorbs  from  a 
localised  focus  of  infection  a  definite  quantitj^  of  toxin  either  in  a  single 
large  dose  or  in  repeated  small  doses,  the  temperature  rises  rapidly, 
remains  up  till  the  poison  is  excreted,  or  till  the  source  of  its  ]iroduction 
is  removed — for  example,  by  amputation — or  by  the  establisliment  of 
drainage,  after  which  it  falls  again  and  remains  normal  (Fig.  5). 

The  temperature  may  fall  very  rapidly  and  become  markedly  sub- 
normal (Fig.  .T,  b). 

In  the  condition  known  as  hectic,  which  is  a  form  of  chronic  saprremia, 
the  temperature  chart  is  characterised  by  diurnal  variations,  ranging 
from  97°  F.  in  the  morning  to  102°  or  103°  F.  in  the  evening.  The 
rise  usually  be>,'ins  in  the  afternoon,  and  the  fall  takes  place  suddenly 
in  the  early  morning,  and  is  accompanied  by  ]irofusc  sweating  (l''ig.  G). 

The  same  type  of  temperature  curve  is  met  witli  in  cases  of  sunjical 
tuherculosis,  wliere  there  is,  in  all  probability,  a  mixed  infection. 
In  these  cases  the  highest  temperature  may  lie  recorded  in  the  after- 
noon. 

In  such  conditions  as  crysi/idas,  wlierc  a  constant  supply  of  toxins  is 
poured  into  the  system,  the  temperature  remains  elevated  so  long  as  th'e 
disease  progresses,  but  falls  more  or  less  rapidly  whenever  its  progress 
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is  arrested  (Fig.  7).  A  relapse  is  at  once  indicated  by  a  second  rise  of 
temperature. 

In  septicwmia,  organisms  as  well  as  toxins  enter  the  circulation, 


Fig.  5.— Charts  of  Acute  Saprajmia  from  (a)  case  of  crushed  foot,  and 
(Z))  case  of  incomplete  abortion. 

and  the  temperature  charts  of  this  disease  vary  so  widely  that  it  is 
difficult  to  determine  a  type.  So  long  as  the  disease  progresses,  the 
temperature  curve  is  practically  the  same  as  that  of  saprsemia  or  of 


Fig.  6.— Chart  of  Hectic  Fever. 

erysipelas  ;  but  after  it  is  arrested,  the  defervescence  is  more  gradual,  the 
temperature  taking  several  days  to  reach  the  normal. 

In  ;,2/«;»u-a  secondary  abscesses  develop  m  diltercnt  parts  of  the  body 
from  time  to  time,  forming  new  foci  of  toxin  production.    Each  fresh 
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absorption  of  poison  causes  an  elevation  of  temperature,  which  is  usually 
accompanied  by  a  rigor  (Figs.  8,  9). 

It  is  not  uncommon  for  an  attack  of  septicaamia  to  be  followed  by 
pytemia,  and  then  the  type  of  chart  changes  (Fig.  10). 


Fig.  7. — Chart  of  Erysipelas  occurring  in  a  wound. 

There  are  certain  affections  which  give  rise  to  chart  curves  of  a 
definite  and  distinctive  character.  Malaria,  for  example,  produces  a 
characteristic  alteration  of  temperature,  and  patients  who  have  once 
suffered  from  this  disease  are  liable  to  marked  rises  from  comparatively 


Fig.  8.— Chart  of  Pyremia. 

trivial  causes.  After  minor  operations  or  slight  injuries,  for  instance,  a 
sudden  and  marked  rise  may  occur,  and  cause  needless  apprehension 
of  septic  or  other  complications.  The  characteristic  curves  of  other 
diseases  also  may  be  modified  by  the  malarial  poison. 
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After  injuries  or  operations  on  the  brain  or  upper  part  of  the  spinal 
cord,  sudden  and  excessive  elevation  of  temperature,  unaccompanied  by 
rigors  or  vascular  disturbances  of  the  skin,  is  not  uncommon  as  a  result 
of  direct  damage  to  the  central  heat-regulating  mechanism  (Fig.  11). 


Fig.  9.— Chart  of  Pyremia  following  on  Acute  Osteomyelitis. 

It  is  almost  needless  to  add  that  an  elevation  of  temperature  in  a 
surgical  patient  is  not  always  due  to  his  surgical  condition.  Constipa- 
tion, influenza,  tonsillitis,  injurious  pressure  by  splints,  the  development 
of  a'bed-sore,  or  some  other  complication,  may  furnish  an  explanation. 


Fig.  10.— Chart  of  case  of  Septicccmia  followed  by  Pyremia. 


Aseptic  Fever.-An  elevation  of  temperature,  which  is  "~  •ited 
with  bacterial  infection,  is  frequently  observed  af  er  s^f"'^^!  "^la^t^o"^ 
which  have  been  attendcl  with  considerable  shock  and  loss  of  blood, 
well  as  after  injuries  attended  with  extravasation  of  blood  into  the  tissues 
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—for  example,  fractures.  After  a  slight  initial  fall,  tlie  temperature 
begins  to  rise,  and  in  the  course  of  from  twelve  to  sixteen  hours  reaches 
100°  or  ]01°  F.    It  soon  declines  again,  and  in  from  twenty-four  to 
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Fig.  11. — Charts  of  Pyrexia  in  Head  Injuries. 

thirty-six  hours  has  regained  the  normal.  This  rise  is  not  associated 
with  any  of  the  other  signs  or  symptoms  of  infection,  and  has  been 
called  asqjtic  fever,  being  attributed  to  the  absorption  into  the  circulation 


Fio.  12.— Charts  of  Aseptic  Fever. 


of  certain  of  the  products  of  disorganised  blood  or  other  disintegrated 
tissue  (Fig.  12). 

Sxibnormal  Temperature  {Ahjidily). — The  general  temperature  tof 
the  body  may  fall  below  the  normal  from  various  causes.    After  severe 
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railway  or  macliinery  accidents,  for  example,  or  in  perforating  wounds  or 
diseases  of  the  abdominal  viscera,  or,  again,  during  the  passage  of  biliary 
or  urinary  calculi,  profound  and  dangerous  lowering  of  the  temperature 
may  occur.  The  same  result  may  follow  a  sudden  and  copious  loss  of 
blood,  profuse  diarrhrea,  or  severe  vomiting  ;  and  it  is  a  characteristic 
symptom  in  patients  who  are  slowly  starved,  as,  for  example,  in  cases  of 
stricture  of  the  oesophagus.  In  most  of  tliese  conditions,  however,  if 
death  does  not  rapidly  ensue,  the  temperature  begins  to  rise  and  may  go 
beyond  the  normal. 

In  some  cases  of  extreme  saprfemia  or  septicaemia  also  the  temperature 
falls  instead  of  rising,  and  this  indicates  a  very  grave  prognosis.  In 
cases  of  cerebral  abscess  and  in  some  other  conditions  causing  pressure  on 
the  brain,  the  temperature  remains  persistently  subnormal. 


CHAPTER  III 


METHODS  OF  WOUXD  TREATMENT 

Varieties  of  wounds — Modes  of  infection — Lister's  work — Means  taken 
to  prevent  infection  of  wounds:  heat;  chemical  antisejitics ;  dis- 
infection of  hands;  2^'>'^P''t''>'0'iion  of  skin  of  patient;  instruments; 
ligatures ;  dressings — Means  taken  to  combat  septic  infection  : 
purification  ;  ojjen -wound  method. 

The  presence  of  pyogenic  bacteria  being  the  most  important 
factor  interfering  with  the  process  of  repair  in  wounds,  it  is 
necessary  that  we  should  now  consider  the  means  at  our  dis- 
posal for  preventing  or  counteracting  the  baneful  effects  of 
these  organisms. 

The  surgeon  is  called  upon  to  treat  two  distinct  classes  of 
wounds  :  (1)  those  resulting  from  injury  or  disease  in  which 
the  shin  is  already  broken,  or  in  which  a  communication  with 
a  mucous  surface  exists ;  and  (2)  those  that  he  himself  makes 
through  intact  skin,  no  infected  mucous  surface  being  involved. 

Infection  by  bacteria  must  be  assumed  to  have  taken  place 
in  all  wounds  made  in  any  other  way  than  by  the  knife  of  the 
surgeon  operating  through  unbroken  skin.  On  this  assumption 
the  modern  system  of  wound  treatment  is  based.  Pathogenic 
bacteria  are  so  widely  distributed,  that  in  the  ordinary  circum- 
stances of  everyday  life,  no  matter  how  trivial  a  wound  may 
be,  or  how  short  a  time  it  may  remain  exposed,  the  access  of 
organisms  to  it  is  almost  certain,  unless  definite  means  are 
employed  to  prevent  this. 

It  cannot  be  emphasised  too  strongly  that  rigid  precautions 
are  to  be  taken  to  exclude  fresh  infection,  not  only  in  dealing 
with  wounds  which  are  free  of  organisms,  but  equally  in  the 
management  of  wounds  and  other  lesions  which  are  already 
infected.  Any  laxity  in  our  methods  which  admits  of  fresh 
organisms  reaching  an  infected  wound  adds  materially  to  the 
severity  of  the  septic  process  and  consequeiitly  to  the  patient's 
risk. 
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There  are  many  ways  in  which  accidental  infection  may 
occur.  Take,  for  example,  the  case  of  a  person  who  receives  a 
cut  on  the  face  by  being  knocked  down  in  a  carriage  accident 
on  the  street.  Organisms  may  be  introduced  to  such  a  wound 
from  the  shaft  or  wheel  by  which  he  was  struck,  from  the 
ground  on  which  he  lay,  from  any  portion  of  his  clothing  that 
may  have  come  in  contact  with  the  wound,  or  from  his  own 
skin.  Or,  again,  the  hands  of  those  who  render  first  aid,  the 
water  used  to  bathe  the  wound,  the  handkerchief  or  other 
extemporised  dressing  applied  to  it,  may  he  the  means  of  con- 
veying bacterial  infection.  Should  the  wound  open  on  a 
mucous  surface,  such  as  the  mouth  or  nasal  cavity,  the 
organisms  constantly  present  in  such  situations  are  liable  to 
prove  agents  of  infection. 

Even  after  the  patient  has  come  under  professional  care  the 
risks  of  his  wound  becoming  infected  are  not  past,  because 
the  hands  of  the  doctor,  his  instruments,  dressings,  or  other 
appliances  may  all,  unless  carefully  purified,  become  the 
sources  of  infection. 

In  the  case  of  an  operation  carried  out  through  unbroken 
skin,  organisms  may  be  introduced  into  the  wound  from  the 
patient's  own  skin,  from  the  hands  of  the  surgeon  or  his 
assistants,  through  the  medium  of  contaminated  instruments, 
swabs,  ligature  or  suture  materials,  or  other  things  used  in  the 
course  of  the  operation,  or  from  the  dressings  applied  to  the 

^°Further,  bacteria  may  gain  access  to  devitalised  tissues  by 
way  of  the  blood-stream,  being  carried  hither  from  some 
infected  area  elsewhere  in  the  body. 

The  sources  of  wound  infection  being  so  numerous,  it  is  little 
wonder  that  in  former  days  few  wounds  escaped  the  ravages  of 
pvosenic  or  other  bacteria,  and  that  inflammation,  suppuration, 
erysipelas,  hospital  gangrene,  and  pyaemia  were  of  everyday 
occurrence  in  surgical  practice. 

Those  who  only  know  the  surgical  conditions  of  to-daj  tma 
it  hard  to  believe  that  not  more  than  forty  years  ago  in  a 
leading  article  in  the  Lancet,  the  writer  stated  that  at  that  time 
"the  mortality  from  compound  fractures,  amputations  and 
other  operations  such  as  lithotomy  is  something  friglitful 
that  "death  from  blood  poisoning  is  not  confined  to  cases  ot 
serious  operations,  but  happens  ever  and  anon  ^ 
in  themselves  trivial.  It  is  lamentable,"  says  the  writer,  to 
think  of  the  extent  to  which  the  best  and  most  refined  surgery 
of  the  time  is  being  frustrated,  in  our  great  hospitals,  and  even 
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in  tliose  most  recently  built.  Tlie  risk  of  blood  poisoning  is 
now  the  one  opprobrium  of  surgery." 

To  the  genius  of  Lister  we  owe  it  that  this  op^^robrium  is 
now  removed.  In  1867  he  began  to  put  into  practice  the 
method  he  had  devised  for  preventing  and  counteracting  the 
septic  process,  Mdiich  he  had  convinced  himself  depended  upon 
the  action  of  bacteria.  Carbolic  acid  was  the  first  antiseptic 
agent  he  employed,  and  by  its  use  in  compound  fractures  he 
soon  obtained  results  such  as  had  never  before  been  attained. 
The  principle  was  applied  to  other  conditions  with  like  success, 
and  so  profoundly  has  it  affected  the  whole  aspect  of  surgical 
pathology,  that  many  of  the  septic  diseases  with  which  surgeons 
formerly  had  to  deal  are  now  all  but  unknown. 

Means  taken  to  prevent  Infection  of  Wounds. — The 
avenues  by  which  septic  agents  may  gain  access  to  surgical 
wounds  are  so  numerous  and  so  wide,  that  it  requires  the 
greatest  care  and  the  most  watchful  attention  on  the  part  of 
the  surgeon  to  guard  them  all.  It  is  only  by  constant  prac- 
tice and  patient  attention  to  technical  details,  in  the  operating- 
room  and  at  the  bedside,  that  the  carrying  out  of  surgical 
manipulations  in  such  a  way  as  to  avoid  bacterial  infection  will 
become  an  instinctive  act  and  a  second  nature,  and  to  ensure 
the  best  results  it  is  necessary  that  the  efficiency  of  our  methods 
of  sterilisation  should  be  periodically  tested.  It  is  only  possible 
here  to  indicate  the  chief  directions  in  which  danger  lies,  and 
to  describe  the  means  most  generally  adopted  to  avoid  it. 

To  prevent  septic  infection,  it  is  essential  that  everything 
which  comes  into  contact  with  a  wound  should  be  sterilised  or 
disinfected.  The  two  chief  agencies  at  our  disposal  for  this 
purpose  are  heat  and  chemical  antiseptics. 

Sterilisation  hij  Heat. — The  most  reliable,  and  at  the  same 
time  the  most  convenient  and  generally  applicable,  means  of 
sterilisation  is  by  heat.  All  bacteria  and  spores  are  completely 
destroyed  by  being  subjected  for  fifteen  minutes  to  saturated 
circulating  steam  at  a  temperature  of  130°  to  145°  C.  (  =  266° 
to  293°  R).  The  articles  to  be  sterilised  are  enclosed  in  a 
perforated  tin  casket,  which  is  placed  in  a  specially  constructed 
steriliser,  such  as  that  of  Schimmelbusch.  This  apparatus  is  so 
arranged  that  the  steam  circulates  under  a  pressure  of  from  two 
to  1;hree  atmospheres,  and  permeates  everything  contained  in  it. 
Objects  so  sterilised  are  dry  when  removed  from  the  steriliser. 
This  method  is  specially  suitable  for  appliances  which  are  not 
damaged  by  steam,  such,  for  example,  as  gauze  swabs,  towels, 
aprons,  gloves,  and  metal  instruments ;  it  is  essential  that  the 
VOL.  I. — 3 
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efficiency  of  the  steriliser  be  tested  from  time  to  time  by  a  self- 
rec^istering  thermometer  or  other  means. 

The  best  substitute  for  circulating  steam  is  ho^l^ng.  The 

and  other  instruments  that  a^'e/lamaged  by  n 

:sSb^  tr  Lf-t:^:;:u  tJt^^ii^:^..  objections 

SiC^^^-^L^ic    (.)  -  ^-tibili^  .ntat^on 

S^ii»^)r:ct°i^^f.^^^^^^ 

CarMic  ^c..,-This  agent  is  of  -^lllJ^SX^^ll^S^; 
employed  by  Lister  ^i^^.^^^^^.^^Th^^^  of  tlie  pure  acid  m 

1867.  The  lotion  is  made  by  <lf  ^-/'^^O  ^,  i  in  60.  It  is  a  reliable 
water  in  tlie  P™P°'^ti7,°f  Ji^"  action  upon  metal  instruments  but  it  is 
germicide,  and  has  no  deletoious  a^^^^^^^^^  1  ^^^^^^y^^,  oozing  from  raw 
irritating  to  the  ^"^  "J^^f  ^^eral  poison,  the  first  sign  of  its 

surfaces.    If  absorbed,  it  f  urine,  which  is  olive-gi-een  when 

toxic  effects  being  fbscoloiation  of  the  uii  „idd.- 
passed,  but  changes  to  black      f  ^"J^^^"^      Tj^g    ^^^tient  may  become 

Lss,  nausea,  and  J°"?J  ";g^'^^ri  an  d  pulse  and  subnormal  temper- 
profUdlycollapsed  with  a  small,  la^^^^  1      ^^^^  ^^^^.^  oecnrred  Irom 

iture,  and  may  ^^^^^^^.^^^^  7, ,f '  ida  Jheu  a  compress  of  carbolic  solution 
absorption  through  "^broken  ^l^^^^J^^^  ^^^^  ^^.e  most  to  be  fe.A-ed  in 
has  been  applied  Feparatoiy  o  ope  a  i  ^^^^^  y,, 

children  and  females  with  tendei  skin.  1        perchloride  of  iron 

detected  in  the  urine  by  a  smiu  quantity  of  bromine 

solution,  which  gives      ^^^^^^j^^^  °  "'ecipitatc  of  tribroniophenol. 
water,  ^vhich  throws  down  a  - ^^^^^^^^^^  ,  ,,,,  snrlace,  does  m  t 

Pure  carbolic  acid  (phenol),  wnon     i  lotion  necrosis  of  the 

produce  symptoms  o  P°}«°"'"f '  f    s  nre'^uL  its  being  absorbed. 
Superficial  layers  of  the  t;-^^;2mvsse  otCbolic  lotion  to  the  fingers  and 

tok  ?^e::ided;  cSc^s^i;^---  e^^^*^-'  -  --^-^ 

^£  i^rS.5iorS»^!unal  pain,  diarrhoea,  vomiting, 
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and  collapse,  which  may  prove  fatal.  It  corrodes  metal  instruments  and 
dishes  ;  and,  by  its  action  on  the  albumen  of  the  tissues  and  of  the  blood, 
forms  an  inert  albuminate  of  mercury,  so  that  its  antiseptic  efficiency  is 
diminished  or  lost.  Corrosive  sublimate  is  probably  the  most  efficient 
lotion  for  purifying  the  hands  after  they  have  been  contaminated  with 
septic  material.  A  1  in  1000  solution  of  corrosive  sublimate  dissolved 
in  70-  per  cent,  alcohol  is  one  of  the  most  efficient  lotions  for  .purifying 
the  hands  of  the  surgeon  and  the  skin  of  the  patient. 

Lister's  Strong  Solution  is  prepared  by  making  a  1  in  20  solution  of 
carbolic  acid  in  distilled  water,  in  every  500  parts  of  which  one  i^art  of 
perehloride  of  mercury  is  dissolved. 

Harrington's  Solution,  which  is  widely  used  in  the  United  States,  con- 
tains one  part  corrosive  sublimate  in  1000  parts  alcohol  containing  6 
per  cent,  hydrochloric  acid. 

Biniodide  of  Mercury.— This  lotion  is  widely  used  as  a  substitute  for 
corrosive  sublimate.  It  is  a  more  powerful  germicide,  while  it  is  less 
irritant,  and  it  neither  forms  a  mercuric  albuminate  nor  tarnishes  metal 
mstraments.  Biuiodide  is  used  in  the  .same  strengths  as  corrosive 
sublimate,  and  may  be  dissolved  either  in  water  or  in  spirit. 

Iodine,  in  the  form  of  the  tincture,  is  one  of  the  most  useful  antiseptics 
to  apply  to  infected  tissues.  Iodine  in  a  5  per  cent,  solution  in  75  per 
cent,  alcohol  is  extensively  used  in  preparing  the  skin  of  the  patient  for 
operation  ;  it  acts  most  efficiently  if  the  skin  is  previously  deprived  of 
moisture  and  of  grease  (Grossich).  ^ 

Peroxide  of  Hydrogen  (10-15  volumes  strength)  is  of  great  value  in 
disinfecting  and  deodorising  septic  wounds  and  cavities.  It  acts  in 
virtue  oi  Its  oxidising  properties.  Each  volume  of  the  fluid  contains 
trom  ten  to  falteen  volumes  of  oxygen  in  such  feeble  combination  that 
substancr'^''  '^^^^^^'^  ^^i^h  any  oxidisable 

Boracic  Acid  Lotion  is  a  saturated  solution  of  boracic  acid  crystals  in 
water.  _  it  i.s  a  weak,  non-poisonous  lotion  of  some  value  as  a  preventive 
of  sepsis  but  of  little  germicidal  power.    It  is  useful  in  washing  out  he 
urinary  bladder,  as  a  mouth-wash,  and  as  a  bath  for  burns.  " 
n,Pfnli/  1  tl^e  newer  proprietary  antiseptics,  are 

usefiil  in  cleansing  the  skm  of  the  patient  and  the-"  surgeon's  l  ands 
both  before  and  after  operations.  They  are  used  in  strengths  varvin^ 
from  1  in  100  to  1  in  400  and  combine  the  advantages  of  an  antisY,  «c 
solut  on  and  a  soap     Their  irritating  action  on  the  skin  of  the  ha  c  s 

S  wasl  S'the    K  P^^^r'ff  the  hands  in  sterile  S 

aitei  \\asliing  n  the  lotion.    As  they  form  a  ropy  mixture  when  broiurM- 

FoZcnt        P"'  r  "^^""'l-         ■■^'■^       ^"^^^^1^  lotions  fm  vo  S 
^  anfd7o?^Luotio;f'"'  '""''''''^       "-^"1  ^l-"'-tant 

living  in  tl  e  diSd  p'wder      ^        '      ""'^™-°''g''^'"«™s  are  capable  of 
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iliese  sympTOmh  j.jallv  when  the  tine  powder  is  employed,  • 

.  little  pill"*.     'StSl™  "  '^"-^^       of  starch  solutioB. 
reaction  to  '«<1°        '»  the  .ligl>t«rt  conlaet  with  it. 

a^HStSsisi-ssw':. 

'^S,  although  inferior  to  iodoform  is  preferred  by  sonre  on  account 

of  its  less  offensive  and  less  persistent  odour. 

T^isinfection  of  the  Hands. -It  is  no^y  generally  recognised 
Dismiecmon  oi  sources  of  Avound  infection  is  the 

arLrbritp^'lmSX  p-,  ..a  t^^t  tMs  so^^.  c 

"Va  haSui  of  gloves  has  ,*o  been  adopted 

rriLt.^io,it.^^^^^^^^^^ 

rinsed  m  lohon  beta    and  a   f r  qt^  ^^^^^^ 
operation,    ihe  hands  .  ,    jji^.^ratea  the  skm. 

gLes.  1-f^b  y  by  ;2°t\he  su  geon\vhen  tying  liga- 
f„r^?  —  oiteSs.  Ihd  by  tL  anesthetist  during 
'opetionsonthehsad  neek  and^^^^^  ^^^^ 

'The  fust  step  }'^J\]^^'^:^^Tk°\u,i  loose  epitheliam 
mechanical  removal  of  g'oss  smwc  i„„foh  or  nail-brnsh. 

by  soap,  a  streain  0  ™™-g  ™    ;  „„  ,„,c„s  between 

The  nails  should  be  cut  aown  organisms 

lV,::lg:'^Vhfi";i'':l^  ™-'"«'-'^' 
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hot  as  can  be  borne,  and  scrubbed  with  a  loofah  or  a  nail- 
brush that  has  been  previously  sterilised  by  heat.  They  are 
next  washed  for  three  minutes  in  methylated  spirit  to  dehy- 
drate the  skin,  and  then  for  two  or  three  minutes  in  70  per 
cent,  sublimate  or  biniodide  alcohol  (1  in  1000).  Finally,  the 
hands  are  rubbed  with  dry  sterilised  gauze. 

Preparation  of  the  Skin  of  the  Patient. — In  the  purifica- 
tion of  the  skin  of  the  patient  before  operation,  reliance  is  to 
be  placed  chiefly  in  the  mechanical  removal  of  dirt  and  grease 
by  the  same  means  as  are  taken  for  the  cleansing  of  the 
surgeon's  hands.  Hair- covered  parts  should  be  shaved.  The 
skin  is  then  dehydrated  by  washing  with  methylated  spirit, 
followed  by  70  per  cent,  sublimate  or  biniodide  alcohol  (1  in 
1000).  This  is  done  some  hours  before  the  operation,  and 
the  part  is  then  covered  with  pads  of  dry  sterilised  gauze  or 
a  sterilised  towel.  Immediately  before  the  operation  "the  skin 
is  again  purified  in  the  same  way. 

The  iodine  method  of  disinfecting  the  skin  introduced  by 
Grossich  is  simple,  and  apparently  equally  efficient.  The  day 
before  operation  the  skin,  after  being  Avashed  with  soap  and 
water,  is  shaved,  is  dehydrated  by  means  of  methylated  spirit, 
and  is  then  pamted  with  a  5  per  cent,  solution  of  iodine 
m  rectified  spirit.  The  painting  with  iodine  is  repeated  just 
before  the  operation  commences,  and  again  after  it  is  completed. 
The  final  application  is  omitted  in  the  case  of  children.  In 
emergency  operations  the  skin  is  shaved  dry  and  dehydrated 
with  spirit,  after  which  the  iodine  is  applied  as  described 
above. 

If  any  acne  pustules  or  septic  sinuses  are  present,  they 
should  be  destroyed  or  purified  by  means  of  the  thermo-cautery 
or  pure  carbolic  acid,  after  the  patient  is  anajsthetised. 
_  Instninipnts  that  are  not  damaged  by  heat  must  be  boiled 
in  a  fish-kettle  or  other  suitable  steriliser  for  fifteen  minutes  in 
a  1  per  cent,  solution  of  lysol  or  caustic  soda.  Just  before  the 
operation  begins  they  are  removed  in  the  tray  of  the  steriliser 
and  placed  on  a  sterilised  towel  within  reach  of  the  surgeon  or 
his  assistant.  Knives  and  instruments  that  are  liable  to  be 
damaged  by  heat  should  be  purified  by  being  soaked  in  pure  lysol 
tor  a  few  minutes,  or  in  1  in  20  carbolic  for  at  least  an  hour 

J-ads  of  Game  sterilised  by  compressed  circulating  steam 
have  almost  entirely  supersede.1  marine  sponges  for  operative 

V  l'         '"''"''^  ^'^^'"S  -^^^'^bs  in  the  peritoneal 

cavity,  large  square  pads  of  gauze,  to  one  corner  of  which  a 
piece  of  strong  tape  about  a  foot  long  is  securely  stitched 
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sliould  be  employed  (Mikulicz).  They  should  be  removed 
from  the  caskets  in  which  they  are  sterilised  by  means  of 
sterilised  forceps,  and  handed  direct  to  the  surgeon.  The 
assistant  who  attends  to  the  swabs  should  wear  sterilised 
gloves. 

Ligatures  and  sutures.— To  avoid  the  risk  of  implanting 
infective  matter  in  a  wound  by  means  of  the  materials  used 
for  ligatures  and  sutures,  great  care  must  be  taken  in  their 

preparation. .  •         .     .  -u 

Catgut  — Tiie  following  methods  of  preparing  catgut  have 
proved  satisfactory  :— (1)  The  gut  is  soaked  in  juniper  oil  for 
at  least  a  month;  the  juniper  oil  is  then  removed  by  ether 
and  alcohol,  and  the  gut  preserved  in  1  in  1000  solution  of 
corrosive  sublimate  in  alcohol  (Kocher).    '(2)  The  gut  is  placed 
in  a  brass  receiver  and  boiled  for  three-quarters  of  an  hour  m 
a  solution  consisting  of  85  per  cent,  absolute  alcohol,  10  per 
cent,  water,  and  5  per  cent,  carbolic  acid,  and  is  then  stored  m 
90  per  cent,  alcohol.    (3)  Cladius  recommends  that  the  catgut, 
iust  as  it  is  bought  from  the  dealers,  be  loosely  rolled  on  a 
spool,  and  then  immersed  in  a  solution  of— locUne,  1  part  ; 
iodide  of  potassium,  1  part;  distilled  water    100  parts.  At 
the  end  of  eight  days  it  is  ready  for  use.    Moschcowitz  has 
found  that  the  tensile   strength   of   catgut  so  prepared  _  is 
increased  if  it  is  kept  dry  in  a  sterile  vessel,  instead  of  being 
left  indefinitely  in   the   iodine   solution.    If  Salkmdsohns 
formula  is  used-tincture  of   iodine,  1  part  ;   proof  spm  , 
1.5  parts-the  gut  can  be  kept  permanently  m  the  solut  on 
without  becoming  brittle.    To  avoid  contamination  from  he 
hands,  catgut  should  be  removed  from  the  bottle  with  aseptic 
.    forceps  and  passed  direct  to  the  surgeon.    Any  portion  unused 

^'S:/l'V'e;aZTy'^^^^  soaked  for  twelve  hours  in  ether, 
foi  tte  Xe  inaLhol,^^^  then  boiled  for  ten  minutes  nr 
1  in  1000  sublimate  solution.  It  is  then  wound  on  s^oU 
with  purified  hands  protected  by  sterilised  gloves,  and  kep  m 
ri  soh  te  alcohol.  Before  an  operation  the  silk  is  again  boiled 
?or  ten  nS^iurtes  in  the  same  solution,  and  is  used  directly  from 
this  (Kocher).    Linen  thread  is  sterilised  m  the  same  way 

'^Fi^hin-gut  and  silver  wire,  as  well  as  the  needles,  should 
be  boil  cfiong  with  the  instruments.    Horse-hair  and  hs lung- 
g  It  may  be  "sterilised  by  prolonged  immersion  1 
carbolic,  or  in  the  iodine  solutions  employed  to  sterilise  cat 


gut. 
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The  lield  of  operation  is  surrounded  by  sterilised  towels, 
clipped  to  the  edges  of  the  wound,  and  securely  fixed  in 
position  so  that  no  contamination  may  take  place  from  the 
surroundings. 

The  surgeon  and  his  assistants,  including  the  anaesthetist, 
wear  overalls  sterilised  by  steam.  To  avoid  the  risk  of 
infection  from  dust,  scurf,  or  drops  of  perspiration  falling 
from  the  head,  the  surgeon  and  his  assistants  may  wear 
sterilised  cotton  caps.  It  has  been  shown  that  there  is  a 
risk  of  infection  taking  place  by  drops  of  saliva  projected  from 
the  mouth  in  talking  or  coughing  in  the  vicinity  of  a  wound. 
To  obviate  this  risk  a  simple  mask  may  be  worn. 

The  risk  of  infection  from  the  air  is  now  known  to  be 
very  small,  so  long'  as  there  is  no  excess  of  dust  floating  in 
it.  All  sweeping,  dusting,  and  disturbing  of  curtains,  blinds, 
or  furniture  must  therefore  be  avoided  before  or  during  an 
operation. 

It  has  been  shown  that  the  presence  of  spectators  increases 
the  number  of  organisms  in  the  atmosphere.  In  teaching 
clinics,  therefore,  the  risk  from  air  infection  is  greater  than  in 
private  practice. 

To  facilitate  primary  union,  all  hsemorrhage  should  be 
arrested,  and  the  accumulation  of  fluid  in  the  Avound  pre- 
vented. When  much  oozing  is  anticipated  a  glass  or  rubber 
drainage-tube  is  inserted  through  a  small  opening  specially 
made  for  the  purpose.  In  aseptic  wounds  the  tube  may  be 
removed  in  from  twenty-four  to  forty-eight  hours,  and  where 
it  is  important  to  avoid  a  scar,  the  opening  should  be  closed 
with  a  Michel's  clip ;  in  infected  wounds  the  tube  must  remain 
as  long  as  the  discharge  continues. 

The  fascia  and  skin  should  be  brought  into  accurate 
apposition  by  sutures.  If  any  cavity  exists  in  the  deeper 
part  of  the  wound,  it  should  be  obliterated  by  buried  sutures, 
or  by  so  adjusting  the  dressing  as  to  bring  its  walls  into 
apposition. 

If  our  precautions  have  been  successful,  the  wound  will! 
heal  under  the  original  dressing,  which  need  not  be  interfered 
with  for  from  ten  to  fourteen  days,  according  to  the  nature  of 
the  case. 

Dressings.— (r'awze,  either  sterilised  by  heat,  or  impregnated 
with  corrosive  sublimate,  double  cyanide  of  mercury  and  zinc, 
iodoform,  or  other  antiseptic  agent,  is  widely  used  as  a 
dressing  for  wounds.  Donhle  ajanide  gauze  is  to  be  preferred 
in  such  regions  as  the  neck,  axilla,  or  groin,  where  complete 
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sterilisation  of  the  skin  is  difficult  to  attain,  and  where  it  is 
de-,irable  to  leave  the  dressing  undisturbed  for  ten  days  or 
more.  Iodoform  gauze  is  of  special  value  for  the  packing  of 
-wounds  treated  by  the  open  method. 

One  variety  or  another  of  loool,  rendered  absorbent  by  the 
extraction  of  its  fat,  and  sterilised  by  heat,  forms  a  part  of 
almost  every  surgical  dressing,  and  various  antiseptic  agents 
may  be  added  to  it.  Of  these,  corrosive  sublimate  is  the  most 
generally  used.  Wood-wool  dressings  are  more  highly  and 
more  uniformly  absorbent  than  cotton  wools.  As  evaporation 
takes  place  through  wool  dressings,  the  discharge  becomes 
dried,  and  so  forms  an  unfavourable  medium  for  bacterial 

growth.  ,•  ,  •       -u  J. 

Boracic  Lint  is  prepared  by  soaking  ordinary  lint  m  a  hot 
concentrated  solution  of  boracic  acid  and  then  drying  it.  it  is 
usually  employed  as  a  wet  dressing  or  poultice,  being  wrung 
out  of  boracic  lotion,  applied  to  the  part,  and  covered  with 
guttapercha  tissue  i  j 

Means  adopted  to  combat  Septic  Infection.— As  has  already 
been  indicated,  the  same  antiseptic  precautions  are  to  be  taken 
in  dealing  with  infected  as  with  aseptic  wounds. 

In  the  case  of  recent  injuries  such  as  result  from  railway  or 
machinery  accidents,  with  bruising  and  crushing  of  the  tissues 
and  ^.rinding  of  gross  dirt  into  the  wounds,  the  scissors  must 
be  freely  used  to  remove  the  tissues  that  have  been  de- 
vitalised or  impregnated  with  foreign  material.  Hair-covered 
parts  should  be  shaved  and  the  surrounding  skm  painted  with 
iodine.  Crushed  and  contaminated  portions  of  bone  should 
be  chiselled  away.  Opinions  differ  as  to  the  benefit  derived 
from  washing  such  wounds  with  chemical  antiseptics,  which 
are  liable  to  devitalise  the  tissues  with  which  they  come  in 
contact,  and  so  render  them  less  able  to  resist  the  action  of 
any  organisms  that  may  remain  m  them  All  are  agieed 
however,  that  free  washing  with  normal  salt  solution  is  xiseful 
in  mechanically  cleansing  the  injured  parts.  ^^^^^^^^^^^^^^^ 
hydrogen  sprayed  over  such  wounds  is  also  beneficial  in  .  utue 
of  its  oxidising  properties.  Efficient  drainage  must  be  provided, 
and  stitches  should  be  used  sparingly,  if  at  all  ^ 

The  best  way  in  which  to  treat  such  wounds  is  by  the  oj^e" 
m^od  This'consists  in  packing  the  wound  ^^^f^^^^^ 
crauze  which  is  left  in  position  as  long  as  it  adl  eies  to  t  ie 
raw  nice.  The  packi.ig  may  be  renewed  at  -terva  s  untd 
the  wound  is  filled  by  granulations  ;  or  in  -         ^  ^ 

days,  when  it  becomes  evident  that  the  septic  infection  ha.s 
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been  overcome,  secondary  sutures  may  be  introduced  and  the 
edges  drawn  together,  provision  being  made  at  the  ends  for 
further  packing  or  for  drainage-tubes. 

If  earth  or  street  dirt  has  entered  the  wound,  the  surface 
may  with  advantage  be  brushed  over  with  pure  carbolic  acid, 
as  virulent  ci'ganisms,  such  as  those  of  tetanus  or  spreading 
gangrene,  are  liable  to  be  present. 


CHAPTER  IV 

INFLAMMATION , 

Definition -Nature  of  inflammation  from  surgical  '^Z^s 
Sequence  of  clianges  in  bacterial  mflammatiou-Chnical  aspects 
of  inflammation-General  principles  of  treatment-Chronic  mflam- 
niation. 

Inflammation  may  be  defined  as  the  series  of  vital  changes 
that  occur  in  the  tissues  in  response  to  irritation  The.e 
chances  represent  the  reaction  of  the  tissue  elements  to  the 
rri  ant  and  constitute  the  attempt  made  by  nature  to  arrest 
or  to  Hmit  its  injurious  effects,  and  to  repair  the  damage  done 

^^The  phenomena  which  characterise  the  inflammatory  reaction 
can  he^nduced  by  any  form  of  imtation-such  for^  examg 
as  mechanical  injury,  the  application^  of  heat 

substances,  or  the  action  of  P^ttog^-;^  Y^^^^/^^Vth  irX^ 
and  they  are  essentially  similar  in  kind  Avhatever  the  mitant 
may  be     The  extent  to  which  the  process  may  go,  howeve 
S  iS' effects  on  the  part  implicated        on   he  sys^^^^^ 
whole,  vary  with  different  irritants  and  with  '^'^  '^'^^'^ 
duration  of  their  action.     A  mechanical,  a   theimal,  oi  a 

1  em  cTl  irritant,  acting  alone,  induces  a  degree  of  reaction 
d  reX  P  oportionate  to  its  physical  properties,  and  so  long  as 

t  a  completely  destroy  the  vit 

the  changes  in  the  tissues  arc  chiefly  directed  towards  repairing 
t  e  cSe  done  to  the  part,  and  the  inflammatory  ve^^  ^n  s 
t  onTy^ompatible  with  the  occuri.nce  of.  ^^eal  repaii^^bu 
may  be  looked  upon  as  an  integral  step  in  the  lepaiatne 

^'^^^r- irritation  caused  by  infection  -ith  bact^na^  on 

which  aggravate  the  ^^ntative     e  .     Ihe  i^^^^^^^^^ 
is  correspondingly  progressive,  and  has  as  its  piimarj  j 
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expulsion  of  the  irritant  and  the  limitation  of  its  action.  If 
the  natural  protective  eflbrt  is  successful,  the  resulting  tissue 
changes  subserve  the  process  of  repair,  but  if  the  bacteria  gain 
the  upper  hand  in  the  struggle,  the  inflammatory  reaction 
becomes  more  intense,  certain  of  the  tissue  elements  succumb, 
and  the  process  for  the  time  being  is  a  destructive  one. 
During  the  stage  of  bacterial  inflammation,  reparative  processes 
are  in  abeyance,  and  it  is  only  after  the  inflammation  has  been 
allayed,  either  by  natural  means  or  by  the  aid  of  the  surgeon, 
that  repair  takes  place. 

In  applying  the  antiseptic  principle  to  the  treatment  of 
surgical  wounds,  our  main  object  is  to  exclude  or  to  eliminate 
the  bacterial  factor,  and  so  to  prevent  the  inflammatory  reaction 
going  beyond  the  stage  in  which  it  is  protective,  and  just  in 
proportion  as  we  succeed  in  attaining  this  object  do  Ave  favour 
the  occurrence  of  ideal  repair. 

SecLuence  of  Changes  in  Bacterial  Inflammation. — As  the 
form  of  inflammation  with  which  we  are  most  concerned  is  that 
due  to  the  action  of  bacteria,  in  describing  the  process  by  which 
the  protective  influence  of  the  inflammatory  reaction  is  brought 
into  play,  we  shall  assume  the  presence  of  a,  bacterial  irritant. 

The  introduction  into  the  tissues  of  a  colony  of  micro- 
organisms is  quickly  followed  by  an  accumulation  of  wandering 
ccdls,  and  a  proliferation  of  connective  tissue  cells  in  the  vicinity 
of  the  injury.  The  various  cells  are  attracted  to  the  bacteria 
by  a  peculiar  chemical  or  biological  power  known  as  chemiotaxis,. 
which  is  believed  to  depend  upon  some  substanceproduced  by  the 
micro-organisms.  Changes  in  the  blood-vessels  then  ensue,  the 
arteries  becoming  dilated  and  the  rate  of  the  current  in  them 
being  for  a  time  increased— acifive  hypenemia.  Soon,  however, 
the  rate  of  the  blood  flow  becomes  slower  than  normal,  and  in 
course  of  time  the  current  may  cease— stoszs,  and  the  blood 
m  the  vessels  may  even  cotigxAiite— thrombosis.  Coincidently 
with  these  changes  in  the  vessels,  the  leucocytes  in  the  blood 
of  the  inflamed  part  rapidly  increase  in  number,  and  they 
become  viscous  and  adhere  to  the  vessel  wall,  where  they  may 
accumulate  in  large  numbers.  In  course  of  time  the  leucocytes 
pass  through  the  vessel  yvA\\~emigration  of  leucocyte.^— and 
move  towards  the  seat  of  infection,  giving 'rise  to  a  marked 
degree  of  local  leucocytosin.  Througli  the  openings  by  which 
the  leucocytes  have  escaped  from  the  vessels,  red  corpuscles  may 
be  passively  extruded- rfmperfesis  of  red  corpuscles.  These 
processes  are  accompanied  by  changes  in  the  endothelium  of 
tlie  vessel  walls,  which  result  in  an  increased  formation  of 
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lymph,  wliich  escapes  into  the  meshes  of  the  connective  tissue, 
giving  rise  to  an  inflammatory  oedema,  or,  if  the  inflammation 
is  on  "a  free  surface,"  forming  an  inflammatory  exudate. 

The  quantity  and  characters  of  this  exudate  vary  m  ditterent 
parts  of  the  body,  and  according  to  the  organisms  causing  the 
inflammation.    Thus  it  may  be  serous,  as  m  some  forms  ot 
.synovitis;  sero-iibrinous,  as  in  certain  varieties  of  peritonitis, 
the  fibrin  tending  to  limit  the  spread  of  the  inflammation  by 
forming  adhesions;  croupous,  when  it  coagulates  on  a  tree 
surface  and  forms  a  false  membrane,  as  in  diphtheria ;  hcernor- 
rhaqic,  when  mixed  with  blood  ;  ov  pundent,  when  suppuration 
has*  occurred.    Certain  varieties  of  leucocytes,  probably  the 
eosinophile  cells,  seem  to  have  the  power  of  producing  bacteri- 
cidal substances— o^Jsonwis  or  alexines,  which  act  on  the  bacteria 
in  such  a  way  as  to  render  them  an  easy  prey  to  the  phagocytes. 
These  phagocytic   cells-polymorph  leucocytes,  proliferating 
connective  tissue  and  endothelial   cells-move  towards  the 
bacteria  thus  prepared  for  them,  and  by  ingesting  them  render 
them  inert  or  destroy  them  by  a  process  of  mtra-cellular 

"^'b'v  these  various  processes,  then,  the  protective  influence  of 
the  inflammatory  reaction  is  exerted,  and,  if  the  attempt  to 
repel  the  invading  organisms  is  successful  the  irritant  efi-ects 
are  overcome,  the  inflammation  is  arrested,  '"f^^^f ''"JJ 
said  to  take  place.  Certain  of  the  vascular  and  cellular  change 
are  now  utilised  to  restore  the  condition  to  the  normal,  and 
repair  ensues  after  the  manner  already  described  (p. 

In  certain  situations,  notably  in  tendon  sheaths  m  the 
cavities  of  joints,  and  in  the  interior  of  ^^^o^^f^J^^^^^ies,  for 
example  the  pleura  and  peritoneum,  the  restoration  to  the 
normil  is  not  perfect,  adhesions  forming  between  the  opposing 

"''n 'however,  the  reaction  induced  by  the  infection  is  in- 
sufficient to  check  the  growth  and  spread  of  oivganism  oi 
to  inhibit  their  toxin  production,  local  necrosis  of  tissue  "a^^ 
take  place,  either  in  the  form  of  suppuration  or  of  g^^g^^"^ ' 
the  toS  absorbed  into  the  circulation  may  produce  blood- 
Tioisonino'  which  may  even  prove  fatal.  ,     ,  i 

^  Cnn  cal  Aspects  of  Inflammation.-It  must  clearly  be  under- 
stooXJ  tillammation  is  not  to  be  looked  u^"  -^  dise^ 
in  itself,  but  rather  as  an  evidence  of  «  "^^f  ^^^^J^^Hn 
going  on  in  the  tissues  in  which  it  occurs,  "^^^^  ^^^"^  ™  ^^^^^ 
the  part  of  these  tissues  to  overcome  the  nnading  orgam^™, 
and  tLir  products.    The  chief  danger  to  the  patient  hes,  not 
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ill  the  reactive  changes  that  constitute  the  inflammatory 
process,  but  in  the  fact  that  he  is  liable  to  be  poisoned  by  the 
toxins  of  the  bacteria  at  work  in  the  inflamed  area. 

Since  the  days  of  Celsus  (first  century,  a.d.),  heat,  redness, 
swelling,  and  j)ain  have  been  recognised  as  cardinal  signs  of 
inflammation,  and  to  these  may  be  added,  interference  with 
function  in  the  inflamed  part,  and  generally  constitutional  dis- 
turbance. Variations  in  these  signs  and  symptoms  depend 
upon  the  acuteness  of  the  condition,  the  nature  of  the  causative 
organism  and  of  the  tissue  attacked,  the  situation  of  the  part 
in  relation  to  the  surface,  and  other  factors. 

The  heat  of  the  inflamed  part  is  to  be  attributed  to  the 
increased  quantity  of  blood  present  in  it,  and  the  more  super- 
ficial the  aff'ectecl  area  the  more  readily  is  the  local  increase 
of  temperature  detected  by  the  hand.  This  clinical  point 
is  best  tested  by  placing  the  palm  of  the  hand  and  fingers 
for  a  few  seconds  alternately  over  an  uninflamed  and  an 
inflamed  area,  otherwise  under  similar  conditions  as  to  cover- 
ings and  exposure.  In  this  way  even  slight  differences  may  be 
recognised. 

Redness,  similarly,  is  due  to  the  increased  afflux  of  blood  to 
the  inflamed  part.  The  shade  of  colour  varies  with  the  stage 
of  the  inflammation,  being  lighter  and  brighter  in  the  early, 
hypersemic  stages,  and  darker  and  duskier  when  the  blood  flow 
is  slowed  or  when  stasis  has  occurred  and  the  oxygenation  of 
the  blood  is  defective.  In  the  thrombotic  stage  the  part  may 
assume  a  purplish  hue. 

The  sioelling  is  partly  due  to  the  increased  amount  of  blood 
in  the  affected  part  and  to  the  accumulation  of  leucocytes  and 
proliferated  tissue  cells,  but  chiefly  to  the  exudate  in  the  con- 
nective tissue — inflammatory  oedema.  The  more  open  the 
structure  of  the  tissue  of  the  part,  the  greater  is  the  amount  of 
sweUing — witness  the  marked  degree  of  oedema  that  occurs  in 
such  parts  as  the  scrotum  or  the  eyelids. 

Pain  is  a  symptom  seldom  absent  in  inflammation.  Tender- 
ness— that  is,  pain  elicited  on  pressure — is  one  of  the  most 
valuable  diagnostic  signs  we  possess,  and  is  often  present  before 
pain  is  experienced  by  the  patient.  That  the  area  of  tender- 
ness corresponds  to  the  area  of  inflammation  is  almost  an 
axiom  of  surgery.  Pain  and  tenderness  are  due  to  the 
irritation  of  nerve  filaments  of  the  part,  rendered  all  the  more 
sensitive  by  the  abnormal  conditions  of  tlieir  blood-supply.  In 
inflammatory  conditions  of  internal  organs,  for  example  the 
abdominal  viscera,  the  pain  is  frequently  referred  to  other 
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parts,  usually  to  an  area  supplied  by  branches  of  the  same 
nerve  as  that  supplying  the  inflamed  part. 

For  purposes  of  diagnosis,  attention  should  be  paid  to  the 
terms  in  which  the  patient  describes  his  pain.  For  example, 
the  pain  caused  by  an  inflammation  of  the  skin  is  usually 
■described  as  of  a  hurning  or  itcliing  character;  that  of 
inflammation  in  dense  tissues  like  periosteum  or  bone,  or  in 
encapsuled  organs,  as  dull,  boring,  or  aching.  When  inflamma- 
tion is  passing  on  to  suppuration  the  pain  assumes  a  throbbing 
character,  and  as  the  pus  reaches  the  surface,  or  "  points,  as 
it  is  called,  sharp,  darting,  or  lancinating  pains  are  experienced. 
Inflammation  involving  a  nerve-trunk  may  cause  a  bonng  or  a 
angling  pain;  while  the  implication  of  a  serous  membrane 
such  as  the  pleura  or  peritoneum  gives  rise  to  a  pam  of  a  sharp, 
.stabbing  character. 

Interference  loith  the  function  of  the  inflamed  part  is  always 
present  to  a  greater  or  less  extent. 

Constitutional  Disturbances.— Under  the  term  constitutional 
disturbances  are  included  the  presence  of  fever  or  e  evation  of 
temperature ;  certain  changes  in  the  pulse  rate  and  the  respira- 
tion ;  gastro-intestinal  and  urinary  disturbances ;  and  derange- 
ments of  the  central  nervous  system.  These  are  all  due  to  the 
absorption  of  toxins  into  the  general  circulation.  The  nature 
and  s  gnificance  of  alterations  in  the  tempei-ature  m  inflammatory 
conditions  have  already  been  referred  to  (p.  24).  The j.^/^e  i 
always  increased  in  frequency,  and  usually  varies  directly  with 
the  height  of  the  temperature.  Respiration  is  more  active 
during  the  progress  of  an  inflammation ;  and  bronchial 
catarrh  is  common,  apart  from  any  antecedent  local  respiratory 

^^"^G^irodntestinal  disturbances  are  usually  present  in  the  form 
of  loss  of  appetite,  vomiting,  diminished  secretion  of  =^  ™entary 
iuices,  and  weakening  of  the  peristalsis  of  the  ^^o-^^  f^^^ 
'to  thirst,  dry,  furred  tongue,  and  constipation  Diairhoa  is 
sometimes  present.  The  urine  is  usually  scanty,  of  high 
SSific  grality,  rich  in  nitrogenous  substances  especially  urea 
and  uric  acid,  and  in  calcium  salts,  while  sodium  chloride  is 
deflc^^ni  Albumin  and  hyaline  casts  may  be  P-ent  -  ^^^^^^^^ 
severe  inflammation  with  high  temperature.  The  signihcance 
of  crpueral  leucoci/tosis  has  already  been  referred  to  (p.  ^^). 

General  Principles  of  Treatment.-The  capacity  of  the 
infla!nmatory  reacLn  for  dealing  with 

being  limited,  it  often  becomes  '^'''^''''\\''\'^ZZZera^^^ 
aid  the  natural  defensive  processes,  as  well  as  to  counteract 
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the  local  and  general  effects  of  the  reaction,  and  to  relieve 
symptoms. 

The  ideal  means  of  helping  the  tissues  is  by  removing  the 
focus  of  infection,  and  when  this  can  be  done,  as  for  example 
in  a  carbuncle  or  an  anthrax  pustule,  the  infected  area  may 
be  completely  excised.  When  the  focus  is  not  sufficiently 
limited  to  admit  of  this,  the  infected  tissue  may  be  scraped 
away  with  the  sharp  spoon,  or  destroyed  by  caustics  or  by  the 
actual  cautery.  If  this  is  inadvisable,  the  organs  may  be  attacked 
by  strong  antiseptics,  such  as  pure  carbolic  acid. 

3Ioist  antiseptic  dressings  favour  the  removal  of  bacteria  by 
promoting  the  escape  of  the  inflammatory  exudate,  in  which 
they  are  washed  out. 

Artificial  hyperaemia. — When  such  direct  means  as  the 
above  are  impracticable,  much  can  be  done  to  aid  the  tissues 
in  their  struggle  by  improving  the  condition  of  the  circulation 
in  the  inflamed  area,  so  as  to  ensure  that  a  plentiful  supply 
of  fresh  arterial  blood  reaches  it.  The  beneficial  effects  of 
hot  fomentations  and  imiltices  depend  on  their  causing  a 
dilatation  of  the  vessels,  and  so  inducing  a  hyperemia  in  the 
affected  area.  It  is  now  believed  that  the  so-called  counter- 
irritants — mustard,  iodine,  cantharides,  actual  cauterj^ — act  in 
the  same  way ;  and  the  method  of  treating  erysipelas  by 
;  applying  a  strong  solution  of  iodine  around  the  aflected  area 
I  (p.  119)  is  based  on  the  same  principle. 

While  these  and  similar  methods  have  long  been  employed 
in  the  treatment  of  inflammatory  conditions,  it  is  only  within 
I  recent  j^ears  that  their  mode  of  action  has  been  properly  under- 
i stood,  and  to  August  Bier  belongs  the  credit  of  having  put  the 
i  treatment  of  inflammation  on  a  scientific  and  rational  basis. 
Recognising  the  "beneficent  intention"  of  the  inflammatory 
I  reaction,  and  the  protective  action  of  the  leucocytosis  which 
accompanies  the  hypersemic  stages  of  the  process.  Bier  was  led 
;to  study  the  effects  of  increasing  the  hyperfemia  by  artificial 
means.    As  a  result  of  his  observations,  he  has  formulated  a 
method  of  treatment  which  consists  .in  inducing  an  artificial 
hyperremia  in  the  inflamed  area,  either  by  obstructing  the 
•  venous   return  from  the   part  {passive   hyperaemia),  oi  by 
^stimulating  the  arterial  flow  through  it  {active  hijperamiia). 

Bier's  Constriiiinq  Banrlacje.—To  induce  a  passice  hypera;mia 
lu  a  limb,  an  elastic  bandage  is  applied  .some  distance  above  the 
inflamed  area  sufficiently  tightly  to  obstruct  the  venous  return 
from  the  distal  parts  without  arresting  in  any  way  the  infloM- 
of  arterial  blood.    If  the  constricting  band  is  correctly  applied 
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the  parts  beyond  become  swollen  and  (Edematous,  and  assume 
a  bluish-red  hue,  but  they  retain  their  normal  temperature,  the 
pulse  is  unchanged,  and  there  is  no  pain.  If  the  part  becomes 
blue,  cold,  or  painful,  or  if  any  existing  pam  is  increased,  the 
band  has  been  applied  too  tightly.  The  hyperjEmia  is  kept  up 
from  twenty  to  twenty-two  hours  out  of  the  twenty-iour, 
and  in  the  intervals  the  limb  is  elevated  to  get  rid  of  the 
oedema  and  to  empty  it  of  impure  blcod,  and  so  make  room  for 
a  fresh  supply  of  healthy  blood  when  the  bandage  ls  re-applied. 
As  the  inflammation  subsides,  the  period  during  which  the 


Fia  13.-Passive  Hyperemia  of  Haud  and  Forearm  induced  by  Bier's 

Bandage. 

band  is  kept  on  each  day  is  diminished;  but  the  treatment 
should  be  continued  for  some  days  after  all  signs  of  inflammation 

^^Th^mettd  of  treating  acute  inflammatory  conditions 
neces  itates  close  supervision  on  the  part  of  the  surgeon 
until  the  correct  degree  of  tightness  of  the  band  has  been 

'^^%t^ltsucUon  Bells.-ln  inflammatory  conditions  to  which 
the  constricting  band  cannot  be  applied.  -  fo^, -^1^.%- 
acute  mastitis,  a  bubo  in  the  groin,  or  a  boil  on  the  neck,  the 
affected  area  may  be  rendered  hyper.^mic  by  an  appropriately 
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shaped  glass  bell  applied  over  it  and  exhausted  by  means  of  a 
suction  pump,  the  rarefaction  of  the  air  in  the  bell  determining 
a  flow  of  blood  into  the  tissues  enclosed  within  it.  The  edge  of 
the  bell  is  smeared  with  vaseline,  and  the  suction  applied  for 
from  five  to  ten  minutes  at  a  time,  with  a  corresponding 
interval  between  the  applications.  Each  sitting  lasts  for  from 
half  an  hour  to  an  hour,  and  the  treatment  may  be  carried 
out  once  or  twice  a  day  according  to  circumstances.  This 
apparatus,  which  acts  in  the  same  way  as  the  old-fashioned 
dry  cup,  is  more  convenient  and  equally  efficacious. 

Active  liypercemia  is  induced  by  the  local  application  of 


Fig.  14.— Passive  HypercGniia  of  Finger  induced  by  Klapp's  Suction  Bell. 

heat,  particularly  by  means  of  hot  air.  It  has  not  proved  so 
useful  in  acute  inflammation  as  passive  hyperasmia,  but  is  of 
great  value  in  hastening  the  absorption  of  inflammatory 
products  and  in  overcoming  adhesions  and  stiffness  in  tendons 
and  joints. 

General  Treatment. — The  patient  should  be  kept  at  rest, 
preferably  in  bed,  to  diminish  the  general  tissue  M-astej  and 
the  diet  should  be  restricted  to  fluids,  such  as  niilk,  beef-tea, 
meat  juices  or  gruel,  and  these  may  be  rendered  more  easily 
assimilable  by  artificial  digestion  if  necessary.  To  counteract 
the  general  effect  of  toxins  absorbed  into  the  circulation,  specific 
antito.Kic  sera  are  employed  in  certain  forms  of  infection,  such 
vot,.  I. — 4 
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as  diphtheria,  streptococcal  septicaemia,  and  tetanus.  In  Other 
forms  of  infection,  vaccines  are  employed  to  increase  the 
opsonic  power  of  the  blood  (p.  15).  When  such  means  arQ  no 
available,  the  circulating  toxins  may  to  some  extent  be  diluted 
by  giving  plenty  of  bland  fluids  by  the  mouth  or  normal  salt 
solution  by  the  rectum.  •      r  „ 

The  elimination  of  the  toxins  is  promoted  by  securing  free 
action  of  the  emunctories.  A  saline  purge,  such  as  ha  f  an 
ounce  of  sulphate  of  magnesium  m  a  small  quantity  of  watei, 
ensures  a  ftee  evacuation  of  the  bowels.  The  kidneys  are 
flushed  by  such  diluent  drinks  as  equal  parts  of  milk  and  lime 
water,  or  milk  with  a  dram  of  liquor  calcis  saccharatus  added 
to  each  tumblerful.    Barley-water  and  "  Imperial  drink,'  which 


Fig  15.-Passive  Hvperamia  induced  by  Klapp's  Suction  Bell  for 
Inflammation  of  Inguinal  Gland. 

consists  of  a  dram  and  a  half  of  cream  of  tartar  added  to  a  pint 
of  boilincT  xvater  and  sweetened  with  sugar  after  cooling,  are 
also  useful  and  non-irritating  diuretics.  The  skin  may  be 
stimulated  by  Dover's  powder  (10  grains)  or  liquor  ammoniae. 
acetatis  in  three-dram  doses  every  four  hours 

Various  drugs  administered  internally,  such  as  qunune,  salol, 
salicylate  of  iron,  and  others,  have  a  reputation,  more  or  less 
deserved,  as  internal  antiseptics. 

Weakness  of  the  heart,  as  indicated  by  the  condition  of 
the  pulse,  is  treated  by  the  use  of  such  drugs  as  digitalis, 
strophanthus,  or  strychnin,  according  to  cirenmst^mces 

Gastro-intestinal  disturbances  are  met  by  ordinary  medical 
means.  Vomiting,  for  example,  can  sonietiines  bo  checked  by 
effervescing  drinks,  such  as  citrate  of  caffein,  or  by  dilute 
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hydrocyanic  acid  and  bismuth.  In  severe  cases,  and  especially 
"when  the  vomited  matter  resembles  coffee-grounds  from 
admixture  with  altered  blood — the  so-called  post-operative 
hajmateniesis — the  best  means  of  arresting  the  vomiting  is 
by  Avashing  out  the  stomach.  Thirst  is  relieved  by  rectal 
injections  of  saline  solution.  The  introduction  of  sahne 
solution  into  the  veins  or  by  the  rectum  is  also  useful  in 
diluting  and  hastening  the  elimination  of  circulating  toxins. 

In  surgical  inflammations,  as  a  rule,  nothing  is  gained  by 
lowering  the  temperature,  unless  at  the  same  time  the  cause 
is  removed.  When  severe  or  prolonged  pyrexia  becomes  a 
source  of  danger,  the  use  of  hot  or  cold  sponging,  or  even 
the  cold  bath,  is  preferable  to  the  administration  of  drugs 
internally. 

Relief  of  Symptoms. — For  the  relief  of  pain,  rest  is  essential. 
The  inflamecl  part  should  be  placed  in  a  splint  or  other 
appliance  which  will  prevent  movement,  and  steps  must  be 
taken  to  reduce  its  functional  activity  as  far  as  possible. 
Locally,  warm  and  moist  dressings,  such  as  an  antiseptic 
poultice  or  fomentation,  may  be  used.  To  make  a  fomentation, 
a  piece  of  flannel  or  lint  is  wrung  out  of  very  hot  water  or 
antiseptic  lotion  and  applied  under  a  sheet  of  mackintosh. 
Fomentations  should  be  renewed  as  often  as  they  cool.  An 
ordinary  india-rubber  bag  filled  with  hot  water  and  fixed  over 
the  fomentation,  by  retaining  the  heat,  obviates  the  necessity 
of  frequently  changing  the  application.  The  addition  of  a  few 
drops  of  laudanum  sprinkled  on  the  flannel  has  a  soothing 
effect.  Lead  and  opium  lotion  is  a  useful,  soothing  applica- 
tion employed  as  a  fomentation.  Belladonna  and  glycerine, 
equal  parts;  ichthyol  ointment  (1  in  3),  or  a  10  per  cent, 
aqueous  or  glycerine  solution  of  ichthyol,  may  be  used. 

Dry  cold  obtained  by  means  of  icebags,  or  by  Leiter's  lead 
tubes  through  which  a  continuous  stream  of  ice-cold  water  is 
kept  flowing,  is  sometimes  soothing  to  the  patient,  but  when 
the  vessels  in  the  inflamed  part  are  greatly  congested,  its  use 
is  attended  with  considerable  risk,  as  it  not  only  contracts  the 
arterioles  supplying  the  part,  but  also  diminishes  the  outflow  of 
venous  lilood,  and  so  may  determine  gangrene  of  tissues 
already  devitalised. 

A  milder  form  of  employing  cold  is  by  means  of  evaporating 
lotions  :  a  thin  piece  of  lint  or  gauze  is  applied  over  the 
inflamed  part  and  kept  constantly  moist  with  the  lotion  the 
dressing  being  left  freely  exposed  to  allow  of  continuous 
evaporation.    A   useful   evaporating   lotion  i.s  made  up  as 
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follows-   take   of   chloride  of   ammonium,  half  an  ounce; 
rectified  spirit,  one  ounce ;  and  water  seven  ounces. 

The  administration  of  opiates  may  be  necessary  for  the  relief 

""^Thr'accumulation  of  an  excessive  amount  of  inflammatory 
exudate  may  endanger  the  vitality  of  the  tissues  by  pressing 
on  the  blood-vessels  to  such  an  extent  as  to  cause  stasis,  and  by 
concentrating  the  local  action  of  the  toxins.    Under  such 
coodiMons  the  tension  should  be  relieved  and  the  exudate  with 
its  contained  toxins  removed  by  making  an  incision  into  he 
inflamed  tissues,  and  then  applying  a  suction  bell,  ^hen 
the  exudate   has  collected   in   a   synovial  cavity,  such  as 
a  joint  or  bursa,  it  may  be   withdrawn   ^^J  ?vith 
trocar   and   cannula.    There   ai^   other   methods   of  with- 
drawing blood   and   exudates   from   an   inflamed   aiea  .01 
eSm  le   by  leeches  or  wet-cupping,  but   they  are  seldom 
emZyed  now.    Before  applying  leeches  the  part  must  be 
thoroughly  cleansed,  and  if  the  leech  is  slow  to  bite,  may  be 
meaied  iith  cream.'    The  leech  is  i.ta  ned  in  J-iti.-  -d^^^ 
an  inverted  wine-glass  or  wide  test-tube  till  it  takes  hold. 
Afte't  has  sucked  its  fill  it  usually  drops  off,  having  wi^^ 
drawn  a  dram  or  a  dram  and  a  half  of  blood     If  it  be  desirable 
0  wi^Lhdraw  more  blood,  hot  fomentations  should  be  applied  a 
the  bite.    As  it  is  sometimes  necessary  to  employ  considerable 
pressure  to  stop  the  bleeding,  leeches  should,  if  Possib le  he 
aioplied  over  a  bone  which  will  furnish  the  necessary  resistance. 
The  use  of  styptics  may  be  called  for.  ,  i  ^.i 

bas  almost  entirely  been  superseded  by  the  u.e 

of  Klapp's  suction  bells.  .  ,  . 

Geneml  hlood-letting  consists  in  opening  a  ^^n^^'^^'^l  '^'^ 
(venesection)  and  allowing  from  eight  to  ten  ounces  0  blood  to 
flowTrom  it.^   It  is  seldom  used  in  the  treatment  of  surgical 

'"XlltSii-In   deep-seated   inflamn^tion.  counter- 
in.^   f  re  sometimes  employed  in  the  form  of  mustard  leaves 
W  Xr.  iccordin"  to  the  degree  of  irritation  required.  A 
mu^  d  -ro  ^^^^^^  not  be  left  on  longer  than  ten  or 

fif  ecu  minutes  unless  it  is  desired  to  Foduce  a  bllste^^ 
Bl ist  riiTmav  be  produced  by  a  caniharides  , 
^^l.^U,J  eplspasHcns  The  plaster  shouW  ^  ei^ 
on  from  eight  to  ten  hours,  and  if  it  has  ^^^^  ^/J*^;!,^.  ^ 
blister,  a  hot  fomentation  should  be  -PP^-d  t  t le  part 
Liquor  epi^padmis,  alone  or  mixed  with  equal  P^rts 
col  odion,^s  painted  on  the   part  with    a   brush.  Several 
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paintings  are  often  required  before  a  blister  is  raised.  The 
removal  of  the  natural  grease  from  the  skin  by  ether  favours 
the  action  of  these  applications. 

The  treatment  of  inflammation  in  special  tissues  and  organs 
will  be  considered  in  the  sections  devoted  to  regional  surgery. 

Chronic  Inflammation. — Chronic  inflammatory  processes  are 
almost  invariably  due  to  the  action  of  the  specific  virus  of  such 
aflections  as  tubercle,  syphilis,  actinomycosis,  or  other  infective 
disease,  and  will  be  described  in  the  sections  dealing  with  these 
conditions. 


CHAPTER  V 


SUPPURATION 

Definition— Pus— F«rM(!ics— Acute  circumscribed  abscess— ^cwte  sup- 
puration in  a  wound— Acute  suppuration  in  a  mucous  membrane— 
Diffuse  cellulitis  and  dilluse  snnmrixtiori-mMloiv—Mm'V-ralivc 
cellulilis  in  different  situations  —  Qhxomc  suppuration —  binus, 
Fistula  —  Constitutional  manifestations-  of  pyogenic  infection  — 
Saimcmia—Septicmmia—Pywmia. 

Suppuration,  or  tlie  formation  of  pus,  is  one  of  the  results  of 
the  action  of  bacteria  on  the  tissues  of  the  body.  The 
invadina  organism  is  usually  one  of  the  staphylococci  less 
frequently  a  streptococcus,  and  still  less  frequently  one  of  the 
other  bacteria  capable  of  producing  pus,  such  as  the  bacillus 
coli  communis,  the  gonococcus,  the  pneumococcus,  or  the 
typhoid  bacillus. 

So  lontT  as  the  tissues  are  in  a  healthy  condition  they  are 
able  to  withstand  the  attacks  of  moderate  numbers  of  pyogenic 
bacteria  of  ordinary  virulence,  but  when  devitalised  by  disease, 
by  injury,  or  by  inflammation  due  to  the  action  of  other 
pathogenic  organisms,  suppuration  ensues. 

Pus  —The  fluid  resulting  from  the  process  of  suppuration 
is  known  as  pus.  In  its  typical  form  it  is  a  yellowish  creamy 
substance,  of  alkaline  reaction,  with  a  specific  gravity  of  about 
1030,  and  it  has  a  peculiar  mawkish  odour.  If  allowed  to 
stand  in  a  test-tube  it  does  not  coagulate,  but  separates  into 
two  layers :  the  upper,  transparent,  straw-coloured  Huid,  the 
liquor  pitris  or  pus  serum,  closely  resembling  blood  serum 
in  its  composition,  but  containing  less  proteid  and  more 
cholesterin;  it  also  contains  leucin,  tryosin,  and  certain 
albunioses  which  prevent  coagulation. 

The  layer  at  the  bottom  of  the  tube  consists  for  the  most 
part  of  polymorph  leucocytes,  and  proliferated  connective 
tissue  and  endothelial  cells  {pris  corpiisclcs).  Other  forms 
of   leucocytes  may  be  present,  especially  ui  long  -  standing 
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suppurations  ;  and  there  are  usually  some  red  corpuscles, 
dead  bacteria,  fat  cells  and  shreds  of  tissue,  cholesterin  crystals, 
and  other  detritus  in  the  deposit. 

If  a  lilm  of  fresh  pus  is  examined  under  the  microscope,  the 
pus  cells  are  seen  to  have  a  well-defined  rounded  outline,  and 
to  contain  a  finely  granular  protoplasm  and  a  multi-partite 
nucleus;  if  still  warm,  the  cells  may  exhibit  amoeboid  move- 
ment. In  stained  films  the  nuclei  take  the  stain  well.  In 
older  pus  cells  the  outline  is  irregular,  the  protoplasm  coarsely 
granular,  and  the  nuclei  disintegrated,  no  longer  taking  the 
stain. 

Variations  from  Tyincal  Pits.  —  Pus  from  old -standing 
sinuses  is  often  watery  in  consistence  (ichorous),  with  few 
cells.  Where  the  granulations  are  vascular  and  bleed  easily, 
it  becomes  sanious  from  admixture  with  red  corpuscles ; 
while,  if  a  blood-clot  be  broken  down  and  the  debris  mixed 
with  the  pus,  it  contains  granules  of  blood  pigment  and  is 
said  to  be  '-grumous."  The  odour  of  pus  varies  with  the 
different  bacteria  producing  it.  Pus  due  to  ordinary  pyogenic 
cocci  has  a  mawkish  odour;  when  putrefactive  organisms 
are  present  it  has  a  putrid  odour;  when  it  forms  in  the 
vicinity  of  the  intestinal  canal  it  usually  contains  the  bacillus 
coli  communis,  and  has  a  fgecal  odour. 

The  colour  of  pus  also  varies  :  when  due  to  one  or  other 
of  the  varieties  of  the  bacillus  pyocyaneus,  it  is  usually  of  a 
blue  or  green  colour;  Avhen  mixed  with  bile  derivatives  or 
altered  blood  pigment,  it  may  be  of  a  bright  orange  colour. 
Li  wounds  inflicted  with  rough  iron  implements  from  which 
rust  is  deposited,  the  pus  often  presents  this  same  colour. 

The  pus  may  form  and  collect  within  a  circumscribed  area, 
constituting  a  localised  abscess  ;  or  it  may  infiltrate  the  tissues 
over  a  wide  area — diffuse  suppuration. 

Acute  Circumscribed  Abscess 

Any  tissue  of  the  body  may  be  the  seat  of  an  acute  abscess, 
and  there  are  many  routes  by  which  the  bacteria  may  gain 
access  to  the  affected  area.  For  example:  an  abscess  in  the 
integument  or  subcutaneous  cellular  tissue  usually  results  from 
infection  by  organisms  which  have  entered  through  a  wound 
or  abrasion  of  the  surface,  or  along  the  ducts  of  the  skin  ; 
an  abscess  in  the  breast  from  organisms  which  have  passed 
along  the  milk  ducts  opening  on  the  nipple,  or  along  the 
lymphatics  which  accompany  these.    An  abscess  in  lymphatic 
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glands  is  usually  due  to  infection  passing  by  way  of  the 
lymphatic  channels  from  the  area  of  skin  or  mucous  membrane 
drained  by  them.  Abscesses  in  internal  organs,  such  as  the 
kidney,  liver,  or  brain,  usually  result  from  organisms  carried 
in  the  blood-stream  from  some  focus  of  infection  elsewhere  in 
the  body. 

Formation  of  an  Abscess.— When  pyogenic  bacteria  are 
introduced  into  the  tissues  there  ensues  an  inflammatory 
reaction,  which  is  characterised  by  dilatation  of  the  blood- 
vessels, exudation  of  serum,  migration  of  large  numbers  of 
leucocytes,  and  proliferation  of  connective-tissue  cells.  These 
wandering  cells  soon  accumulate  around  the  focus  of  infection, 
and  form  a  protective  barrier  which  tends  to  prevent  the 
spread  of  the  organisms  and  to  restrict  their  field  of  action. 
Within  the  area  thus  circumscribed  the  struggle  between  the 
bacteria  and  the  phagocytes  takes  place,  and  in  the  process 
toxins  are  formed  by  the  organisms,  a  certain  number  of  the 
leucocytes  succumb,  and,  becoming  disintegrated,  set  free 
certain  proteolytic  enzymes  or  ferments.  The  toxins  cause 
coagulation-necrosis  of  the  tissue  cells  with  which  they  come 
in  contact,  the  ferments  liquefy  the  exudate  and  other 
albuminous  substances,  and  in  this  way  pus  is  formed. 

If  the  bacteria  gain  the  upper  hand,  this  process  of  Uquefac- 
tion,  which  is  characteristic  of  suppuration,  extends  into  the 
surrounding  tissues,  the  protective  barrier  of  leucocytes  is 
broken  down,  and  the  suppurative  process  spreads.  A  fresh 
accession  of  leucocytes,  however,  forms  a  new  barrier,  and 
eventually  the  spread  is  arrested,  and  the  collection  of  pus  so 
hemmed  in  constitutes  an  abscess. 

Owing  to  the  swelling  and  condensation  of  the  parts  around, 
the  pus  thus  formed  is  under  considerable  pressure,  and  this 
causes  it  to  burrow  along  the  lines  of  least  resistance.  In  the 
case  of  a  subcutaneous  abscess  the  pus  usually  works  its  way 
towards  the  surface,  and  "  points,"  as  it  is  called.  Where  it 
approaches  the  surface  the  skin  becomes  soft  and  thin,  and 
eventually  gives  way,  allowing  the  pus  to  escape. 

An  abscess  forming  in  the  deeper  planes  is  prevented  from 
pointing  directly  to  the  surface  by  the  firm  fasciifi  and  other 
fibrous  structures.  The  pus  therefore  tends  to  burrow  along 
the  line  of  the  blood-vessels  and  in  the  connective-tissue  septa, 
till  it  either  finds  a  weak  spot  or  causes  a  portion  of  fascia  to 
slough  and  so  reaches  the  surface.  Accordingly  many  abscess 
cavities  resulting  from  deep-seated  suppuration  are  of  irregular 
shape,  with  pouches  and  loculi  in  various  directions  —  an 
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arrangement  which  interferes  with  their  successful  treatment 
by  incision  and  drainage. 

The  relief  of  tension  which,  follows  the  bursting  of  an 
abscess,  the  removal  of  irritation  by  the  escape  of  pus,  and 
the  casting  off  of  bacteria  and  toxins,  allow  the  tissues  once 
more  to  assert  themselves,  and  a  process  of  repair  sets  in. 
The  walls  of  the  abscess  fall  in;  granulation  tissue  grows 
into  the  space  and  gradually  fills  it ;  and  later  this  is  replaced 
by  cicatricial  tissue.  As  a  result  of  the  subsequent  contraction 
of  the  cicatricial  tissue,  the  scar  is  usually  depressed  below  the 
level  of  the  surrounding  skin  surface. 

If  an  abscess  is  prevented  from  healing — for  example,  by 
the  presence  of  a  foreign  body  or  a  piece  of  necrosed  bone — 
a  sinus  results,  and  from  it  pus  escapes  until  the  foreign  body 
is  removed. 

Clinical  Features  of  an  Acute  Circumscribed  Abscess. — 

In  the  initial  stages  the  usual  symptoms  of  inflammation 
are  present.  Increased  elevation  of  temperature,  with  or 
without  a  rigor,  progressive  leucocytosis,  and  sweating,  mark 
the  transition  between  inflammation  and  suppuration.  An 
increasing  leucocytosis  is  evidence  that  a  suppurative  process 
is  spreading. 

The  local  symptoms  vary  with  the  seat  of  the  abscess. 
When  it  is  situated  superficially — for  example,  in  the  breast 
tissue — the  affected  area  is  hot,  the  redness  of  inflammation 
gives  place  to  a  dusky  purple  colour,  with  a  pale,  sometimes 
yellow,  spot  where  the  pus  is  near  the  surface.  The  swelling 
increases  in  size,  the  firm  brawny  centre  becomes  soft,  pro- 
jects as  a  cone  beyond  the  level  of  the  rest  of  the  swollen 
area,  and  is  usually  surrounded  by  a  zone  of  induration. 

By  gently  palpating  with  the  finger-tips  over  the  softened 
area,  a  fluid  wave  may  be  detected — fluctuation — and  when 
present  this  is  a  certain  indication  of  the  existence  of  fluid 
in '  the  swelling.  Its  recognition,  hoM'ever,  is  by  no  means 
easy,  and  various  fallacies  are  to  be  guarded  against  in  apply- 
ing this  test  clinically.  When,  for  example,  the  walls  of  the 
abscess  are  thick  and  rigid,  or  when  its  contents  are  under 
excessive  tension,  the  fluid  wave  cannot  be  elicited.  On  the 
other  hand,  a  sensation  closely  resembling  fluctuation  may 
often  be  recognised  in  oedematous  tissues,  in  certain  soft, 
solid  tumours  sucli  as  fatty  tumours  or  vascular  sarcomata, 
in  aneurysm,  and  in  a  muscle  when  it  is  palpated  in  its 
transverse  axis. 

When  pus  has  formed  in  deeper  parts,  and  before  it  has 
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reached  the  surface,  oedema  of  the  overlying  skin  is  frequently 
present,  and  the  skin  pits  on  pressure. 

With  the  formation  of  pus  the  continuous  burning  or 
boring  pain  of  inflammation  assumes  a  throbbing  character, 
with ''occasional  sharp,  lancinating  twinges.  Should  doubt 
remain  as  to  the  presence  of  pus,  recourse  may  be  had  to 
the  use  of  an  exploring  needle. 

Differential  Diagnosis  of  Acute  Abscess.— K  practical 
difficulty  which  frequently  arises  is  to  decide  whether  or  not 
pus  has  actually  formed.  It  may  be  accepted  as  a  working 
rule  in  practice  that  when  an  acute  inflammation  has  lasted 
for  four  or  five  days  without  showing  signs  of  abatement, 
suppuration  has  almost  certainly  occurred.  In  deep-seated 
suppuration,  marked  oedema  of  the  skin  and  the  occurrence 
of  rigors  and  sweating  may  be  taken  to  indicate  the  formation 

of  pus.  ^,  .  , 

There  are  cases  on  record  where  rapidly  growmg  sarcomatous 
and  angiomatous  tumours,  aneurysms,  and  the  bruises  that 
occur  in  hfemophylics,  have  been  mistaken  for  acute  abscesses 
and  incised,  with  disastrous  results. 

Treatment  of  Acute  Abscess.— The  dictum  of  John  Jiell, 
"Where  there  is  pus,  let  it  out,"  summarises  the  treatment 
of  abscess.  The  extent  and  situation  of  the  incision  and  the 
means  taken  to  drain  the  cavity,  however,  vary  with  the 
nature,  site,  and  relations  of  the  abscess.  In  a  superficial 
abscess,  for  example  a  birbo,  or  an  abscess  in  the  breast  or 
face,  where  a  disfiguring  scar  is  undesirable,  a  small  puncture 
should  be  made  where  the  pus  threatens  to  point,  and  a 
Klapp's  suction  bell  be  applied  as  already  described  (p.  4b). 
A  drain  is  not  necessary,  and  in  the  intervals  between  the 
applications  of  the  bell  the  part  is  covered  by  a  moist  antiseptic 

dressing.  ,        ,  i  4.„„i 

■  In  abscesses  deeply  placed,  as  for  example  under  the  gluteal 
or  pectoral  muscles,  one  or  more  incisions  should  be  made,  ana 
the  cavity  drained  by  glass  or  rubber  tubes  or  by  strips  ot 
rubber  tissue.  ,  , 

The  wound  should  be  dressed  the  next  day,  and  the  tube 
shortened,  in  the  case  of  a  rubber  tube,  by  cutting  oil  a  portion 
of  its  outer  end.  On  the  second  day  or  later  according  to 
circumstances,  the  tube  is  removed,  and  after  this  the  dress- 
ing need  not  bo  repeated  oftener  than  every  second  or  tlura 

'^""where  pus  has  formed  in  relation  to  important  structures— 
as  for  example  in  the  deeper  planes  of  the  neck— //2«07J  s 


SUPPURATION  IN  WOUNDS 


59 


method  of  opening  the  abscess  may  be  employed.  An  incision 
is  made  througli  the  skin  and  fascia,  a  grooved  director  is 
gently  pnshed  through  the  deeper  tissues  till  pus  escapes  along 
its  groove,  and  then  the  track  is  widened  by  passing  in  a  pair 
of  dressing  forceps  and  expanding  the  blades.  A  tube,  or  strip 
of  rubber  tissue,  is  introduced,  and  the  subsequent  treatment 
carried  out  as  in  other  abscesses.  When  the  drain  lies  in 
proximity  to  a  large  blood-vessel,  care  must  be  taken  not  to 
leave  it  in  position  long  enough  to  cause  ulceration  of  the 
vessel  wall  by  pressure. 

In  some  abscesses,  such  as  those  in  the  vicinity  of  the 
anus,  the  cavity  should  be  laid  freely  open  in  its  whole 
extent,  stuffed  with  iodoform  gauze,  and  treated  by  the  open 
method. 

It  is  seldom  advisable  to  wash  out  an  abscess  cavity,  and 
squeezing  out  the  pus  is  also  to  be  avoided,  lest  the  protective 
zone  be  broken  down  and  the  infection  be  diffused  into  the 
surrounding  tissues. 

The  importance  of  adopting  antiseptic  precautions  in  open- 
ing an  abscess  can  scarcely  be  exaggerated,  and  the  rapidity 
with  which  healing  occurs  when  the  access  of  fresh  bacteria 
is  prevented  is  in  marked  contrast  to  what  occurs  when 
antiseptic  precautions  are  neglected  and  further  infection  is 
allowed  to  take  place. 

Acute  Supimration  in  a  Wound. — If  in  the  course  of  ai 
surgical  operation  bacterial  infection  of  the  wound  has 
occurred,  a  marked  inflammatory  reaction  soon  manifests 
itself,  and  the  same  pathological  changes  as  occur  in  the 
formation  of  an  acute  abscess  take  place,  modified,  however, 
by  the  fact  that  the  pus  can  more  readily  reach  the  surface. 
In  from  twenty-four  to  forty-eight  hours  after  the  operation 
the  patient  is  conscious  of  a  sensation  of  chilliness,  or  may 
even  have  a  distinct  rigor.  At  the  same  time  he  feels 
generally  out  of  sorts,  with  impaired  appetite,  headache,  and 
it  may  be  looseness  of  the  bowels.  His  temperature  rises  ta 
100'  or  lOr  F.,  and  the  pulse  quickens  to  100  or  110. 

On  exposing  the  wound  it  is  found  that  the  parts  for  some 
distance  around  are  red,  glazed,  and  oedematous.  The  dis- 
coloration and  swelling  are  most  intense  in  the  immediate 
vicinity  of  the  wound,  the  edges  of  which  are  everted  and 
moist.  Any  stitches  that  may  have  been  introduced  are 
tight,  and  the  deep  ones  may  be  cutting  into  the  tissues. 
There  is  heat,  and  a  constant  burning  or  throbbing  pain,  which 
is  increased  by  pressure.    If  the  stitches  be  cut,  pus  escapes,. 
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the  wound  gapes,  and  its  surfaces  are  found  to  be  covered 
with  granulations  bathed  in  pus. 

The  open  method  is  the  only  safe  means  of  treatfng  such 
•wounds.  The  infected  surface  may  be  sponged  over  with 
pure  carbolic  acid,  the  excess  of  which  is  washed  off  with 
.absolute  alcohol,  and  the  wound  either  drained  by  tubes  or 
packed  with  iodoform  gauze.  The  practice  of  scraping  such 
:surfaces  with  the  sharp  spoon,  squeezing  or  even  of  washing 
them  out  with  antiseptic  lotions,  is  attended  with  the  risk 
of  further  diffusing  the  organisms  in  the  tissue,  and  is  only 
-to  be  employed  under  exceptional  circumstances.  ^  Continuous 
irrigation  of  septic  wounds  or  their  immersion  in  antiseptic 
baths  is  sometimes  useful.  The  free  opening  up  of  the  wound 
is  almost  immediately  followed  by  a  fall  in  the  temperature. 
The  surrounding  inflammation  subsides,  the  discharge  of  pus 
lessens,  and  healing  takes  place  by  the  formation  of  granulation 
tissue — the  so-called  "  healing  by  second  intention." 

Wound  infection  may  take  place  from  catgut  which  has 
not  been  perfectly  prepared.  The  local  and  general  reactions 
may  be  very  slight,  and,  as  a  rule,  do  not  appear  for  seven 
or  eight  days  after  the  operation,  and,  it  may  be,  not  till  after 
the  skin  edges  have  united.  The  suppuration  is  strictly 
localised  to  the  part  of  the  wound  where  catgut  was  employed 
for  stitches  or  ligatures,  and  shows  little  tendency  to  spread. 
The  infected  part,  however,  is  often  long  of  healing  The 
irritation  in  these  cases  is  probably  due  to  toxins  in  the  catgut 
and  not  to  bacteria;  this  being  an  example  of  "aseptic 
suppuration." 

When  suppuration  occurs  in  connection  with  buried  sutures 
of  unabsorbable  materials,  such  as  silk,  silkworm  gut,  or  silver 
wire,  it  is  apt  to  persist  till  the  foreign  material  is  cast  off  or 
removed. 

Suppuration  may  occur  in  the  track  of  skin  stitches, 
producing  stitch  abscesses.  The  infection  may  arise  from  the 
material  used,  especially  catgut  or  silk,  or,  more  frequently 
perhaps,  from  the  growth  of  staphylococcus  albus  from  the 
skin  of  the  patient  when  this  has  been  imperfectly  dis- 
infected. 

Acute  Suppuration  of  a  Mucous  Membrane.— \\  hen  pyogenic 
■organisms  gain  access  to  a  mucous  membrane,  such  as  that 
of  the  bladder,  urethra,  or  middle  ear,  the  usual  phenomena  of 
.acute  inflammation  and  suppuration  ensue,  followed  by  the 
discharge  of  pus  on  the  free  surface.  It  would  appear  that  the 
most  marked  changes  take  place  in  the  sub-mucous  tissue, 
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causing  the  covering  epithelium  in  places  to  die  and  leave  small 
superficial  ulcers,  for  example  in  gonorrheal  urethritis,  the 
cicatricial  contraction  of  the  scar  subsequently  leading  to  the 
formation  of  stricture.  When  mucous  glands  are  present  in. 
the  membrane,  the  pus  is  mixed  with  mucus — muco-pus. 

Diffuse  Cellulitis  and  Diffuse  Suppuration 

Cellulitis  is  an  acute  aflfection  resulting  from  the  introduc- 
tion of  some  organism — commonly  the  streptococcus  2^yoijenes 
— into  the  cellular  connective  tissue  of  the  integument^ 
intermuscular  septa,  tendon  sheaths,  or  other  structures. 
Infection  always  takes  place  through  a  breach  of  the  surface, 
although  this  may  be  superficial  and  insignificant,  such  as  a 
pin-prick,  a  scratch,  or  a  crack  under  a  nail,  and  the  wound 
may  have  been  healed  for  some  time  before  the  inflammation 
sets  in.  The  cellulitis,  also,  may  develop  at  some  distance 
from  the  seat  of  inosulation,  the  organisms  having  travelled  by 
the  lymphatics. 

The  virulence  of  the  organisms,  the  loose,  open  nature  of 
the  tissues  in  which  they  develop,  and  the  free  lymphatic 
circulation  by  means  of  which  they  are  spread,  account  for 
the  diffuse  nature  of  the  process.  Sometimes  numbers  of 
cocci  are  carried  for  a  considerable  distance  from  the  primary 
area  before  they  are  arrested  in  the  lymphatics,  and  thus 
several  patches  of  inflammation  may  appear  with  healthy 
areas  between. 

The  pus  infiltrates  the  meshes  of  the  cellular  tissue,  there  is 
sloughing  of  considerable  portions  of  tissue  of  low  vitality, 
such  as  fat,  fascia,  or  tendon,  and  if  the  process  continues  for 
some  time  several  collections  of  pus  may  form. 

Clinical  Featiores. — The  general  reaction  in  cases  of  difl'use 
cellulitis  is  severe,  and  is  usually  ushered  in  by  a  distinct  chill 
or  even  a  rigor,  while  the  temperature  rises  to  103°,  104°,  or 
105°  F.  The  pulse  is  proportionately  increased  in  frequency, 
and  is  small,  feeble,  and  often  irregular.  The  face  is  flushed, 
the  tongue  dry  and  brown,  and  the  patient  may  become 
delirious,  especially  during  the  night.  Leucocytosis  is  present 
in  eases  of  moderate  severity ;  but  in  severe  cases  the 
virulence  of  the  toxins  prevents  reaction  taking  place,  and 
leucocytosis  is  absent. 

The  local  manifestations  vary  with  the  relation  of  the  seat  of 
the  inflannnation  to  the  surface.  AVhen  the  superficial  cellular 
tissue  is  involved,  the  skin  assumes  a  dark  bluish-red  colour,  is 
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swollen,  oedemcatous,  and  the  seat  of  burning  pain.  To  tlie 
touch  it  is  firm,  hot,  and  tender.  When  the  primary  focus  is 
in  the  deeper  tissues,  the  general  constitutional  disturbance  is 
aggravated,  while  the  local  signs  are  delayed,  and  only  become 
prominent  when,  pus  forms  and  approaches  the  surface.  It  is 
not  uncommon  for  blebs  containing  dark  serous  fluid  to  form 
on  the  skin.  The  infection  frequently  spreads  along  the  line 
of  the  main  lymphatic  vessels  of  the  part  {septic  lijmpliangitis), 
and  may  reach  the  lymphatic  glands  {septic  lymphadenitis). 

With  the  formation  of  pus  the  skin  becomes  soft  and  boggy 
at  several  points,  and  eventually  breaks,  giving  exit  to  a 
quantity  of  thick,  grumous  discharge.  Sometimes  several 
small  collections  under  the  skin  fuse,  and  an  abscess  is  formed, 
in  which  fluctuation  can  be  detected.  Occasionally  gases  are 
evolved  in  the  tissues,  giving  rise  to  emphysema.  It  is  common 
for  portions  of  fascia,  ligaments,  or  tendons  to  slough,  and 
this  may  often  be  recognised  clinically  by  a  peculiar  crunching 
or  grating  sensation  transmitted  to  the  fingers  on  making  firm 
pressure  on  the  part. 

If  it  is  not  let  out  by  incision,  the  pus,  travelling  along  the 
lines  of  least  resistance,  tends  to  point  at  several  places  on  the 
surface,  or  to  open  into  joints  or  other  cavities. 

Prognosis. — The  occurrence  of  septiccemia  is  the  most  serious 
risk,  and  it  is  in  cases  of  diffuse  suppurative  cellulitis  that  this 
forni  of  blood-poisoning  assumes  its  most  aggravated  forms. 
The  toxins  of  the  streptococci  are  exceedingly  virulent,  and 
induce  local  death  of  tissue  so  rapidly  that  the  protective 
emigration  of  leucocytes  fails  to  take  place.  In  some  cases 
the  passage  of  masses  of  free  cocci  in  the  lymphatics,  or  of 
septic  emboli  in  the  blood-vessels,  leads  to  the  formation  of 
pycemic  abscesses  in  vital  organs,  such  as  the  brain,  bings,  liver, 
kidneys,  or  other  viscera.  Hmnorrhage  from  erosion  of 
arterial  or  venous  trunks  may  take  place  and  endanger  life. 

Treatment.— The  treatment  of  diffuse  cellulitis  depends  to  a 
large  extent  on  the  situation  and  extent  of  the  affected  area, 
and  on  the  stage  of  the  process. 

In  the  limhs,  for  example,  where  the  application  of  a 
constricting  band  is  practicable,  IJier's  method  of  inducnig 
passive  hypertemia  yields  excellent  results.  If  _  pus  has 
formed,  one  or  more  small  incisions  are  made  and  a  light  moist 
dressing  placed  over  the  wounds  to  absorb  the  discharge,  but 
no  drabi  is  inserted.  The  dressing  is  changed  as  often  as 
necessary,  and  in  the  intervals  when  the  band  is  off,  gentle 
active  and  passive  movements  should  be  carried  out  to  prevent 
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the  formation  of  adhesions.  After  incisions  have  been  made, 
we  have  found  the  immersion  of  the  limb,  for  a  few  hours  at 
a  time,  in  a  water-bath  containing  Avarm  boracic  lotion  a  useful 
adjuvant  to  the  passive  hypera3mia. 

Continuous  irrigation  of  the  part  by  a  slow,  steady  stream  of 
lotion,  at  the  body  temperature,  such  as  boracic  acid  or  per- 
manganate of  potash,  or  frequent  washing  with  sulphurous 
acid  or  peroxide  of  hydrogen,  has  been  found  of  value  in  some 
cases. 

A  suitably  arranged  splint  adds  to  the  comfort  of  the  patient ; 
and  the  limb  should  be  placed  in  the  attitude  which,  in  the 
event  of  stiffness  resulting,  will  least  interfere  with  its  useful- 
ness. The  elbow,  for  example,  should  be  flexed  to  a  little  less 
than  a  right  angle ;  at  the  wrist,  the  hand  should  be  dorsiflexed 
and  the  fingers  flexed  slightly  towards  the  palm. 

Massage,  passive  movement,  hot  and  cold  douching,  and 
other  measures,  may  be  necessary  to  get  rid  of  the  chronic 
oedema,  adhesions  of  tendons,  and  stiffness  of  joints  which 
sometimes  remain. 

In  situations  where  a  constricting  band  cannot  be  applied, 
for  example  on  the  trunk  or  the  neck,  Klapp's  suction  bells 
may  be  used,  small  incisions  being  made  to  admit  of  the  escape 
of  the  pus. 

If  these  measures  fail  or  are  impracticable,  it  may  be 
necessary  to  make  one  or  more  free  incisions,  and  to  insert 
drainage-tubes  or  iodoform  worsted. 

The  general  treatment  of  toxaemia  must  be  carried  out,  and 
in  cases  due  to  infection  by  streptococci,  anti-streptococcic 
serum  may  be  used. 

In  a  few  cases-,  amputation  well  above  the  seat  of  disease 
may,  by  removing  the  source  of  toxin  production,  offer  the 
only  means  of  saving  the  patient. 

Whiti-ow 

The  clinical  term  whitlow  is  applied  to  an  acute  se])tic 
infection,  usually  followed  by  suppuration,  commonly  met 
with  in  the  fingers,  less  frequently  in  the  toes.  The  point  of 
infection  is  often  very  trivial— a  pin-prick,  a  puncture  caused 
by  a  .splinter  of  wood,  a  scratch,  or  even  an  imperceptible 
lesion  of  the  skin. 

Several  varieties  of  whitlow  are  recognised,  but  while  it  is 
convenient  to  descrilie  them  se]iarately,  it  is  to  be  clearly 
understood  that  clinically  thoy  merge  one  into  another,  and  it 
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is  not  always  possible  to  determine  in  which  connective-tissue 
plane  a  given  infection  has  originated. 

Initial  Stage. — Attention  is  usually  first  attracted  to  the 
condition  by  a  sensation  of  tightness  in  the  finger  and 
tenderness  when  the  part  is  squeezed  or  knocked  against 
anything.  In  the  course  of  a  few  hours  the  part  becomes  red 
and  swollen ;  there  is  continuous  pain,  which  soon  assumes  a 
throbbing  character,  particularly  when  the  hand  is  dependent, 
and  may  be  so  severe  as  to  prevent  sleep,  and  the  patient  may 
feel  generally  out  of  sorts. 

If  a  constricting  band  is  applied  at  this  stage,  the  infection 
can  usually  be  checked  and  the  occurrence  of  suppuration 
prevented.  If  this  fails,  or  if  the  condition  is  allowed  to  go 
nntreated,  the  inflammatory  reaction  increases  and  terminates 
in  suppuration,  giving  rise  to  one  or  other  of  the  forms  of 
whitlow  to  be  described. 

The  Purulent  Blister. — In  the  most  superficial  variety,  pus 
forms  between  the  rete  Malpighii  and  the  stratum  corneum  of 
the  skin,  the  latter  being  raised  as  a  blister  in  which  fluctua- 
tion can  be  detected  (Fig.  16,  a).  This  is  commonly  met  with 
in  the  palm  of  the  hand  of  labouring  men  who  have  recently 
resumed  work  after  a  spell  of  idleness.  When  the  blister 
forms  near  the  tip  of  the  finger,  the  pus  burrows  under  the 
nail, — which  corresponds  to  the  stratum  corneum, — raising  it 
from  its  bed. 

There  is  some  local  heat  and  discoloration,  and  considerable 
pain  and  tenderness,  but  little  or  no  constitutional  disturbance. 
Superficial  lymphangitis  may  extend  a  short  distance  up  the 
hand.  By  clipping  away  the  raised  epidermis,  and  if  necessary 
the  nail,  the  pus  is  allowed  to  escape,  and  healing  speedily 
takes  place. 

Whitlow  at  the  Nail  Fold.—  Thi?,  variety,  which  i.s  met  with 
among  those  who  handle  septic  material,  occurs  in  the  sulcus 
between  the  nail  and  the  skin,  and  is  due  to  the  introduction 
of  septic  matter  at  the  root  of  the  nail  (Fig.  16,  h).  A  small 
focus  of  suppuration  forms  under  the  nail,  with  swelling  and 
redness  of  the  nail  fold,  causing  intense  pain  and  discomfort, 
interfering  with  sleep,  and  producing  a  constitutional  reaction 
out  of  all  proportion  to  the  local  lesion. 

To  allow  the  pus  to  escape,  it  is  necessary,  under  local 
anajsthcsia,  to  cut  away  the  nail  fold  as  Avell  as  the  portion  of 
nail  in  the  affected  area,  or,  it  may  be,  to  remove  the  nail 
entirely.  If  only  a  small  opening  is  made  in  the  nail  it  is  apt 
to  be  blocked  by  granulations. 
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Stibcufaneous  IVhitlou: — In  this  variety  the  disease  mani- 
fests itself  as  a  celkilitis  of  the  pulp  of  the  finger  (Fig.  16,  c), 
■which  sometimes  spreads  towards  the  palm  of  the  hand.  The 
finger  becomes  red,  swollen,  and  tense;  there  is  severe  throbbing 
pain,  which  is  usually  worst  at  night  and  prevents  sleep,  and 
the  part  is  extremely  tender  on  jjressure.  When  the  palm  is 
invaded,  there  may  be  marked  oedema  of  the  back  of  the  hand, 
the  dense  integument  of  the  palm  preventing  the  swelling  from 
appearing  on  the  front  until  the  pus  is  nearing  the  surface. 
The  pus  may  be  under  such  tension  that  fluctuation  cannot 
be  detected.  The  patient  is  usually  able  to  flex  the  finger  to 
a  certain  extent  without  increasing  the  pain — a  point  which 
indicates  that  the  tendon  sheaths  have  not  been  invaded. 


Fig.  16. — Diagram  of  various  forms  of  Wliitlow. 

a=Purulent  blister. 

6  =  Suppuration  at  rtail  fold. 

c  =  Subcutaneous  whitlow. 

rf=  Whitlow  in  sheath  of  flexor  tendon  (c). 

The  suppurative  process  may,  however,  spread  to  the  tendon 
sheaths,  or  even  to  the  bone.  Sometimes  the  excessive  tension 
and  virulent  toxins  induce  actual  gangrene  of  the  distal  part, 
or  even  of  the  whole  finger.  There  is  considerable  constitu- 
tional disturbance,  the  temperature  often  reachinc:  101°  or 
102°  F. 

The  treatment  consists  in  applying  a  constriction  band  and 
making  an  incision  over  the  centre  of  the  most  tender  area, 
•care  being  taken  to  avoid  opening  the  tendon  sheath,  lest  the 
infection  be  conveyed  to  it.  '  Moist  dressings  should  be  cm- 
ployed  while  the  suppuration  lasts.  Carbolic  fomentations, 
however,  are  to  be  avoided  on  account  of  the  risk  of  inducing 
gangrene. 

VOL.  I.— 5 
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Wliitlo'w  of  the  Tendon  Sheaths. — In  this  form  the  main 
incidence  of  the  infection  is  on  the  sheaths  of  the  flexor 
tendons,  but  it  is  not  always  possible  to  determine  whether  it 
started  there  or  spread  thither  from  the  subcutaneous  cellular 
tissue  (Fig.  16,  d).  In  some  cases  both  connective-tissue 
planes  are  involved.  The  affected  finger  becomes  red,  painful, 
and  swollen,  the  swelling  spreading  to  the  dorsum.  The 
involvement  of  the  tendon  sheath  is  usually  indicated  by  the 
patient  being  unable  to  flex  the  finger  and  by  the  pain  being 
increased  when  he  attempts  to  do  so.  On  account  of  the 
anatomical  arrangement  of  the  tendon  sheaths,  the  process  may 
spread  into  the  forearm — directly  in  the  case  of  the  thumb 
and  little  finger,  and  after  invading  the  palm  in  the  case  of  the 
other  fingers — and  there  give  rise  to  a  diffuse  cellulitis  which 
may  result  in  sloughing  of  fasciae  and  tendons.  When,  the 
infection  spreads  into  the  common  flexor  sheath  under  the 
anterior  annular  ligament,  it  is  not  uncommon  for  the  inter- 
carpal and  wrist  joints  to  become  implicated.  Impaired  move- 
ment of  tendons  and  joints  is,  therefore,  a  common  sequel  to 
this  variety  of  whitlow. 

The  treatment  consists  in  inducing  passive  hyperemia  by 
Bier's  method,  and,  if  this  is  done  early,  suppuration  may  be 
avoided.  If  pus  forms,  small  incisions  are  made,  under  local 
anaesthesia,  to  relieve  the  tension  in  the  sheath  and  to 
diminish  the  risk  of  the  tendons  sloughing.  No  form  of 
drain  should  be  inserted.  In  the  fingers  the  incisions  should 
be' made  in  the  middle  Ime  to  avoid  the  digital  vessels  and 
nerves  ;  in  the  palm  they  should  be  made  over  the  metacarpal 
bones  to  avoid  the  digital  vessels  and  nerves.  If  pus  has 
spread  under  the  anterior  annular  ligament,  the  incision  should 
be  placed  over  the  middle  of  the  front  of  the  wrist.  Passive 
movements  and  massage  must  be  commenced  as  early  as 
possible  and  be  perseveringly  employed,  to  prevent  the  forma- 
tion of  adhesions  and  resulting  stifl"ness. 

Siibx>eriosteal  Whitloiv — This  form  is  usually  an  extension 
of  the  subcutaneous  or  of  the  thecal  variety,  but  in  som«  cases 
the  inflammation  begins  in  the  periosteum — usually  of  the 
terminal  phalanx.  It  may  lead  to  necrosis  of  a  portion  or 
even  of  the  entire  phalanx.  This  is  usually  recognised  by  the 
persistence  of  suppuration  long  after  the  acute  symptoms  have 
passed  off',  and  by  feeling  bare  bone  with  the  probe.  In  such 
cases  one  or  more  of  the  joints  are  usually  implicated  also,  and 
lateral  mobility  and  grating  may  be  elicited  on  manipulation. 
Recovery  does  not  take  place  until  the  dead  bone  is  removed. 


CELLULITIS  IN  DIFFERENT  SITUATIONS  67 


and  the  usefulness  of  the  finger  is  often  seriously  impaired  by 
fibrous  or  bony  ankylosis  of  the  interphalangeal  joints.  This 
may  render  amputation  advisable  when  a  stiff  finger  is  likely  to 
interfere  with  the  patient's  occupation. 

Suppurative  Cellulitis  in  Different  Situations 

Cellulitis  of  the  forearm  is  usually  a  sequel  to  one  of  the 
deeper  varieties  of  whitlow. 

In  the  region  of  the  elbow-joint,  cellulitis  is  common  around 
the  olecranon  process.  It  may  originate  as  an  inflammation  of 
the  olecranon  bursa,  or  may  invade  the  bursa  secondarily.  In 
exceptional  cases  the  elbow-joint  is  also  involved. 

Cellulitis  of  the  axilla  may  originate  in  suppuration  in  the 
lymphatic  glands,  following  an  infected  wound  of  the  hand,  or 
it  may  spread  from  a  septic  wound  on  the  chest  wall  or  in  the 
neck.  In  some  cases  it  is  impossible  to  discover  the  larimary 
seat  of  infection.  A  firm,  brawny  swelling  forms  in  the  arm- 
pit and  extends  on  to  the  chest  wall.  It  is  attended  with, 
great  pain,  which  is  increased  on  moving  the  arm,  and  there  is 
marked  constitutional  disturbance.  When  suppuration  occurs, 
its  spread  is  limited  by  the  attachments  of  the  axillary  fascia, 
and  the  pus  tends  to  burrow  on  to  the  chest  wall  beneath  the 
pectoral  muscles,  and  upwards  towards  the  shoulder-joint,  into 
which  it  may  burst  and  so  give  rise  to  a  septic  arthritis. 
When  the  pus  forms  in  the  axillary  space,  the  treatment  con- 
sists in  making  free  incisions,  which  should  be  placed  on  the 
thoracic  side  of  the  axilla  to  avoid  the  axillary  vessels  and 
nerves.  If  the  pus  spreads  on  to  the  chest  wall,  the  abscess 
should  be  opened  below  the  clavicle  by  Hilton's  method,  and  a 
counter  opening  may  be  made  in  the  axilla. 

Cellulitis  of  the  sole  of  the  foot  may  follow  whitlow  of  the 
toes. 

In  the  region  of  the  anlde  cellulitis  is  not  common ;  but 
around  the  hnee  it  frequently  occurs  in  relation  to  the  pre- 
patellar bursa  and  to  the  popliteal  lymphatic  glands,  and  may 
endanger  the  knee-joint.  It  is  also  met  with  in  the  groin 
following  on  inflammation  and  suppuration  of  the  inguinal 
glands,  and  cases  are  recorded  in  which  the  sloughing  process 
has  implicated  the  femoral  vessels  and  led  to  secondary 
hjemorrliage. 

Cellulitis  of  the  scalp,  orbit,  neck,  pelvis,  and  perineum  will 
be  considered  with  the  diseases  of  these  regions. 
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Chronic  Suppuration 

While  it  is  true  that  a  chronic  pyogenic  ahscess  is  sometimes 
met  with— for  example,  in  the  breast  and  in  the  marrow  of 
long  bones — in  the  great  majority  of  instances  the  formation  of 
a  chronic  or  cold  abscess  is  the  result  of  the  action  of  the 
tubercle  bacillus.  It  is  therefore  more  convenient  to  study 
this  form  of  suppuration  with  tuberculosis,  and  the  reader  is 
referred  to  the  chapter  on  that  subject. 


Local  Eesults  op  Suppuration  when  Healing  is 
Prevented — Sinus  and  Fistula 

A  Sinus  is  a  track  leading  from  a  focus  of  suppuration  in 
the  tissues  to  a  cutaneous  or  mucous  surface.  There  are  two 
varieties  of  sinus  met  with   clinically— the  septic  and  the 

tuberculous.  i  ■  i  j.i 

A  septic  sinus  usually  represents  the  track  by  which  the 
discharge  escapes  from  an  abscess  cavity  which  has  been  pre- 
vented from  closing  completely.    The  obstacle  to  closure  may 
be  the  rigidity  of  the  walls  of  the  cavity  as  m  empyema,  the 
presence  of  a  foreign  body,  such  as  a  piece  of  dead  bone,  a 
septic  ligature,  or  a  bullet  in  the  abscess  cavity,  and  this  may 
act  mechanically  or  by  keeping  up  a  discharge  which  must  hnd 
an  exit.    In  other  cases— for  example,  when  the  sinus  passes 
through  a  muscle— closure  may  be  prevented  by  the  constant 
movement  of  the  part.    The  sinus  is  lined  by  granulation 
tissue,  and  when  a  foreign  body  is  present  a  mass  of  redundant 
granulations  often  projects  from  the  external  opening,    in  a 
sinus  of  long  standing  there  is  often  a  considerable  amount  ot 
scar  tissue  around  it,  the  contraction  of   which  drags  the 
opening  of  the  sinus  below  the  level  of  the  surrounding  skm. 
The  treatment  in  these  cases  is  the  removal  of  the  cause,  by 
enlarging  the  opening  so  as  to  be  able  to  remove  any  foreign 
substance,  and  to  permit  of  disinfection  as  well  as  of  thorougli 
drainage.    Any  muscles  through  or  between  which  the  sinus 
passes  must  be  kept  at  rest  by  suitable  splints,  or  by  division  ot 
their  fibres.    The  sinus  may  be  scraped,  and  treated  with  pure 
carbolic  acid  or  the  ther mo-cautery,  and  then  stufled  with  iodo- 
form worsted,  so  as  to  encourage  healing  from  the  bottom. 
When  the  healing  of  a  sinus  is  likely  to  be  followed  by  con- 
traction causing  disfigurement— for  example,  in  a  sinus  over 
the  lower  jaw  associated  with  a  carious  tooth— it  may  be  com- 
pletely excised,  the  raw  surfaces  being  approximated  by  stitclies. 
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The  tuherculoiis  sinus  is  described  under  Tuberculosis. 

A  Fistula  is  an  abnormal  canal  passing  from  a  mucous 
surface  to  the  skin  or  to  another  mucous  surface.  Fistulas- 
resulting  from  suppuration  usually  occur  near  the  natural 
openings  of  mucous  canals — for  example,  on  the  cheek,  as  a 
salivary  fistula ;  beside  the  inner  angle  of  the  eye,  as  a 
lachrymal  fistula ;  near  the  ear,  as  a  mastoid  fistula;  or  close 
to  the  anus,  as  a  fistula-in-ano.  Intestinal  fistulae  are  some- 
times met  with  in  the  abdominal  wall  after  strangulated  hernia, 
operations  for  appendicitis,  tuberculous  peritonitis,  and  other 
conditions.  In  the  perineum,  fistulse  frequently  complicate 
stricture  of  the  urethra. 

Fistulse  also  occur  between  the  bladder  and  vagina  (vesico- 
variinal  fistula),  or  between  the  bladder  and  the  rectum  {^recto- 
vesical fistula). 

The  treatment  of  these  various  forms  of  fistula  will  be 
described  in  the  sections  dealing  with  the .  regions  in  which 
they  occur. 

Congenital  fistulce,  such  as  occur  in  the  neck  from  imperfect 
closure  of  branchial  clefts,  or  in  the  abdomen  from  unobliterated 
foetal  ducts  such  as  the  urachus  or  Meckel's  diverticulum,  will 
be  described  in  their  proper  places. 

Constitutional  Manifestations  of  Pyogenic  Infection 

We  have  here  to  consider  under  the  terms  Saprsemia, 
Septicaemia,  and  Pysemia  certain  general  effects  of  pyogenic 
infection,  which,  although  then-  clinical  manifestations  may 
vary,  are  all  associated  with  the  action  of  the  same  forms  of 
bacteria.  They  may  occur  separately  or  in  combination,  or  one 
may  follow  on  and  merge  into  another. 

Saprsemia,  or  septic  intoxication,  is  the  name  applied  to  a 
form  of  septic  poisoning  resulting  from  the  absorption  into 
the  blood  of  the  toxic  products  of  pyogenic  bacteria.  These 
products,  which  are  of  the  nature  of  alkaloids,  act  immediately 
on  their  entrance  into  the  circulation,  and  j^roduce  efl"ects  in 
direct  proportion  to  the  amount  absorbed.  As  the  poison  is 
gradually  eliminated  from  the  body  the  symptoms  abate,  and 
if  no  more  is  introduced  thoy  disapjDear.  Saprtemia  in  these 
respects,  therefore,  is  comparable  to  poisoning  by  any  other 
form  of  alkaloid,  such  as  strychnin  or  morphin. 

Clinical  Features. — The  symptoms  of  saprsemia  seldom  mani- 
fest themselves  Avithin  twenty-four  hours  of  an  operation  or 
ii^jiiryj  because  it  takes  some  time  for  the  bacteria  to  produce 
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a  sufficient  dose  of  their  poisons.  The  onset  of  the  condition 
is  marked  by  a  feeling  of  chilliness,  sometimes  amounting  to  a 
rigor,  and  a  rise  of  temperature  to  102°,  103°,  or  104°  F.,  with 
slight  morning  remissions  (Fig.  5).  The  heart's  action  is 
markedly  depressed,  and  the  pulse  is  soft  and  compressible. 
The  appetite  is  lost,  the  tongue  dry  and  covered,  with  a  thin 
brownish-red  fur,  so  that  it  has  the  appearance  of  "  dried 
beef."  The  urine  is  scanty  and  loaded  with  urates.  In 
severe  cases  diarrhoea  and  vomiting  of  dark  coffee-ground 
material  are  often  prominent  features.  Death  is  usually 
impending  When  the  skin  becomes  cold  and  clammy,  the 
mucous  membranes  livid,  the  pulse  feeble  and  fluttering,  the 
discharges  involuntary,  and  when  a  low  form  of  muttering 
delirium  is  present. 

A  local  focus  of  septic  infection  is  always  present, — it  may 
be  an  abscess,  a  septic  compound  fracture,  or  a  septic  infection 
of  the  cavity  of  the  uterus,  for  example,  from  a  retained  portion 
of  placenta. 

Treatment.— Th&  first  indication  is  the  immediate  and  com- 
plete removal  of  the  infected  material.  The  wound  must  be 
freely  opened,  all  blood-clot,  discharge,  or  necrosed  tissue 
removed,  and  the  area  disinfected,  by  washing  with  sterilised 
salt  solution,  peroxide  of  hydrogen,  or  boracic  lotion.  Stronger 
lotions  are  to  be  avoided  as  being  likely  to  depress  the  tissues, 
and  so  to  interfere  with  protective  phagocytosis.  On  account 
of  its  power  of  neutralising  toxins,  iodoform  is  useful  in 
these  cases,  and  is  best  employed  by  packing  the  wound  with 
iodoform  gauze,  and  treating  it  by  the  open  method,  if  this  is 
possible. 

The  general  treatment  is  carried  out  on  the  same  lines  as  for 
other  infective  conditions. 

Chronic  Saprsemia  or  Hectic  Fever. — Hectic  fever  differs 
from  acute  sapreemia  merely  in  degree.  It  usually  occurs  in 
connection  with  tuberculous  conditions  such  as  bone  or  joint 
disease,  psoas  abscess,  or  empyema,  which  have  opened  ex- 
ternally, and  have  thereby  become  infected  Avith  pyogenic 
organisms.  It  is  gradual  in  its  development,  and  is  of  a  mild 
type  throughout. 

The  pulse  is  small,  feeble,  and  compressible,  and  the  tempera- 
ture rises  in  the  afternoon  or  evening  to  102°  or  103°  F.  (Fig.  6), 
the  cheeks  becoming  characteristically  Hushed.  In  the  early 
morning  the  temperature  suddenly  falls  to  normal  or  below 
it,  and  the  patient  breaks  into  a  profuse  perspiration,  which 
leaves  him  pale,  weak,  and  exhausted.    He  becomes  rapidly 
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and  markedly  emaciated,  even  although  in  some  cases  the 
appetite  remains  good  and  is  even  voracious. 

The  poisons  circulating  in  the  blood  produce  ivaxy  degenera- 
tion in  certain  viscera,  notably  the  liver,  spleen,  kidneys,  and 
intestines.  The  process  begins  in  the  arterial  walls,  and  spreads 
thence  to  the  connective-tissue  structures,  causing  marked  en- 
largement of  the  affected  organs.  Albuminuria,  ascites,  oedema 
of  the  lower  limbs,  clubbing  of  the  fingers,  and  diarrhoea  are 
among  the  most  prominent  symptoms  of  this  condition. 

The  prognosis  in  hectic  fever  depends  on  the  completeness 
with  which  the  further  absorption  of  toxins  can  be  prevented. 
In  many  cases  this  can  only  be  effected  by  an  operation  which 
provides  for  free  drainage,  and,  if  possible,  the  removal  of 
infected  tissues.  The  resulting  wound  is  best  treated  by  the  open 
method.  Even  advanced  waxy  degeneration  does  not  contra- 
indicate  this  line  of  treatment,  as  the  diseased  organs  usually 
recover  if  the  focus  from  which  absorption  of  septic  material  is 
taking  place  is  completely  eradicated. 

Septicaemia. — This  form  of  septic  poisoning  is  the  result  of 
the  action  of  pyogenic  bacteria,  which  not  only  produce  their 
toxins  at  the  primary  seat  of  infection,  but  themselves  enter 
the  blood-stream  and  are  carried  to  other  parts,  where  they 
settle  and  produce  further  effects. 

Clinical  Features. — There  may  be  an  incubation  period  of 
some  hours  between  the  infection  and  the  first  manifestation 
•of  acute  septicaemia.  In  such  conditions  as  acute  osteomyelitis 
or  acute  perforation  peritonitis,  we  see  the  most  typical  clinical 
pictm'es  of  this  condition.  The  onset  is  marked  by  a  chill,  or 
a  rigor,  which  may  be  repeated,  while  the  temperature  rises  to 
103°  or  104°  F.,  although  in  very  severe  cases  the  temperature 
may  remain  subnormal  throughout,  the  virulence  of  the  toxins 
preventing  reaction.  It  is  in  the  general  appearance  of  tlie 
patient  and  in  the  condition  of  the  pulse  that  we  have  our 
best  guides  as  to  the  severity  of  the  condition.  If  the  pulse 
remains  firm,  full,  and  regular,  and  does  not  exceed  110  or  even 
120,  while  the  temperature  is  moderately  raised,  the  outlook 
is  hopeful ;  but  wlien  the  pulse  becomes  small  and  compressible, 
and  reaches  130  or  more,  especially  if  at  the  same  time  the 
temperature  is  low,  a  grave  prognosis  is  indicated.  The  tongue 
is  often  dry  and  coated  with  a  blaclc  crust  down  the  centre, 
while  the  sides  are  red.  It  is  a  good  omen  when  the  tongue 
becomes  moist  again.  Thirst  is  most  distressing,  especially  in 
septiccemia  of  intestinal  origin.  Persistent  vomiting  of  daxk- 
brown  material  is  often  present,  and  diarrhoea  with  blood-stained 
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stools  is  not  uxicommon.  The  urine  is  small  in  amount,  and 
contains  a  large  proportion  of  urates.  As  the  poisons  ac- 
cumulate, the  respiration  becomes  shallow  and  laboured,  the 
face  of  a  dull  ashy  grey,  the  nose  pinched,  and  the  skin  cold 
and  clammy.  Capillary  hasmorrhages  sometimes  take  place 
in  the  skin  or  mucous  membranes ;  and  in  a  certain  proportion 
of  cases  cutaneous  eruptions  simulating  those  of  scarlet  fever 
or  measles  appear,  and  are  apt  to  lead  to  errors  in  diagnosis. 
In  other  cases  there  is  slight  jaundice.  The  mental  state  is 
often  one  of  complete  apathy,  the  patient  failing  to  realise  the 
gravity  of  his  condition ;  sometimes  there  is  delirium. 

The  prognosis  is  always  grave,  and  depends  on  the  possibility 
of  completely  eradicating  the  focus  of  infection,  and  on  the 
reserve  force  the  patient  has  to  carry  him  over  the  period 
during  which  he  is  eliminating  the  poison  abeady  circulating 
in  his  blood. 

The  treatment  is  carried  out  on  the  same  lines  as  in  sapraemia, 
but  is  less  likely  to  be  successful  owing  to  the  organisms  having 
entered  the  circulation.  When  possible  the  primary  focus  of 
infection  should  be  dealt  with. 

Pyjemia  is  a  form  of  septic  poisoning  characterised  by  the 
development  of  secondary  foci  of  suppuration  in  different  parts 
of  the  body.    Toxins  are  thus  introduced  into  the  blood,  not 
only  at  the  primary  seat  of  infection,  but  also  from  each  of 
these  metastatic  collections.    Like  septicaemia,  this  condition 
is  due  to  pyogenic  bacteria,  the  streptococcus  pijogenes  being 
the  commonest  organism  found.     The  primary  infection  is 
usually  in  a  wound, — for  example,  a  compound  fracture,— but 
cases  occur  in  which  the  point  of  entrance  of  the  bacteria  is 
not  discoverable.     The  dissemination  of  the  organisms  takes 
place  through  the  medium  of  septic  emboli  which  form  m  a 
thrombosed" vein  in  the  vicinity  of  the  original  lesion,  and 
breaking  loose  are  carried  thence  in  the  blood-stream.  These 
emboli  lodge  in  the  minute  vessels  of  the  lungs,  spleen,  liver, 
kidneys,  pleura,  brain,  synovial  membranes,  or  cellular  tissue, 
and  the  bacteria  they  contain  give  rise  to  secondary  foci  of 
suppuration.    Secondary  abscesses  are  thus  formed  m  those 
parts,  and  these  in  turn  may  be  the  starting-point  of  new 
emboli  which  give  rise  to  fresh  areas  of  pus  formation.  The 
organs  above  named  ai-e  the  commonest  situations  of  pysemic 
abscesses,  but  these  may  also  occur  in  the  bone  marrow,  the 
substance  of  muscles,  the  heart  and  pericardium,  lymphatic 
(Tlands,  subcutaneous  tissue,  or,  in  fact,  in  any  tissue  of  the 
body.    Septic  organisms  circulating  in  the  blood  are  prone 
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to  lodge  on  the  valves  of  the  heart  and  give  rise  to  endo- 
carditis. .  , 

Clinical  Feahires.—Betore  antiseptic  surgery  was  practised, 
pyemia  was  a  common  complication  of  surgical  wounds,  in 
the  present  day  it  is  not  only  infinitely  less  common,  but 
appears  also  to  be  of  a  less  severe  type.  Its  rarity  and  its 
mildness  may  be  related  as  cause  and  effect,  because  it  was 
formerly  found  that  pysemia  contracted  from  a  pysemic  patient 
was  more  virulent  than  that  from  other  sources. 

In  contrast  with  saprsemia  and  septicsemia,  pyaemia  is  late 
of  developing,  and  it  seldom  begins  within  a  week  of  the 
primary  infection.  The  first  sign  is  a  feeling  of  chilliness,_  or 
a  \aolent  rigor  lasting  for  perhaps  half  an  hour,  during  which 
time  the  temperature  rises  to  103°,  104°,  or  105°  F.  In  the- 
course  of  an  hour  it  begins  to  fall  again,  and  the  patient  breaks 
into  a  profuse  sweat.  The  temperature  may  fall  several 
degrees,  but  seldom  reaches  the  normal.  In  a  few  days  there 
is  a  second  rigor  with  rise  of  temperature,  and  another  re- 
mission, and  such  attacks  may  be  repeated  at  diminishing 
intervals  during  the  course  of  the  illness  (Figs.  8  and  9).  The 
pulse  is  soft,  and  tends  to  remain  abnormally  rapid  even  when 
the  temperature  falls  nearly  to  normal. 

The  face  is  flushed,  and  wears  a  drawn,  anxious  expression, 
and  the  eyes  are  bright.  A  characteristic  sweetish  odour, 
which  has  been  compared  to  that  of  new-mown  hay,  can  be 
detected  in  the  breath  and  may  pervade  the  patient.  The- 
appetite  is  lost;  there  may  be  sickness  and  vomiting  and 
profuse  diarrhoea;  and  the  patient  emaciates  rapidly.  The 
skin  is  continuously  hot,  and  has  often  a  peculiar  pungent  feel. 
Patches  of  erythema  sometimes  appear  scattered  over  the  body. 
The  skin  may  assume  a  dull  sallow  or  earthy  hue,  or  a  bright 
yellow  icteric  tint  may  appear.  The  conjunctivae  also  may 
be  yellow.  In  the  later  stages  of  the  disease  the  pulse  becomes 
small  and  fluttering ;  the  tongue  becomes  dry  and  brown ; 
sordes  collect  on  the  teeth ;  and  a  low  muttering  form  of 
delirium  supervenes. 

Secondary  infection  of  the  parotid  gland  frequently  occurs, 
and  gives  rise  to  a  suppurative  parotitis.  This  condition  is 
associated  with  severe  pain,  gradually  extending  from  behind 
the  angle  of  the  jaw  on  to  the  face.  There  is  also  swelling  over 
the  gland,  and  eventually  suppuration  and  sloughing  of  the 
gland  tissue  and  overlying  skin. 

Secondary  abscesses  in  the  lymphatic  glands,  subcutaneous 
tissue,  or  joints  are  often  so  very  insidious  and  painless  in 
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their  development  that  they  are  only  discovered  accidentally. 
"When  the  abscess  is  evacuated,  healing  often  takes  place 
with  remarkable  rapidity,  and  with  little  interference  with 
fiinction. 

Prognosis. — The  prognosis  in  acute  pyaemia  is  much  less 
hopeless  than  it  once  was,  a  considerable  proportion  of  the 
patients  recovering.  In  acute  cases  the  disease  proves  fatal 
in  ten  days  or  a  fortnight,  death  being  due  to  toxaemia. 
Chronic  cases  often  run  a  long  course,  lasting  for  weeks  or 
€ven  months,  and  prove  fatal  from  exhaustion  and  waxy  ^ 
disease  following  on  prolonged  suppuration. 

Treatment. — In  such  conditions  as  compound  fractures  And 
severe  lacerated  wounds,  much  can  be  done  to  avert  th^  con- 
ditions which  lead  to  pyaemia,  by  applying  a  Bier's  constricting 
bandage  as  soon  as  there  is  evidence  of  infection  having  taken 
place,  or  even  if  there  is  reason  to  suspect  that  the  wound  is 
not  aseptic. 

If  sepsis  is  already  established,  and  evidence  of  general 
infection  is  present,  the  wound  should  be  opened  up  sufficiently 
to  admit  of  thorough  disinfection  and  drainage,  and  the  con- 
stricting bandage  applied  to  aid  the  defensive  processes  going 
on  in  the  tissues.  If  these  measures  fail,  amputation  of  the 
limb  may  be  the  only  means  of  preventing  further  dissemination 
of  infective  material  from  the  primary  source  of  infection. 

Attempts  have  been  made  to  interrupt  the  channel  along 
which  the  septic  emboli  spread,  by  ligating  or  resecting  the 
main  vein  of  the  affected  part,  but  this  is  seldom  feasible 
except  in  the  case  of  the  internal  jugular  vein  for  lateral  sinus 
phlebitis. 

Secondary  abscesses  must  be  aspirated  or  opened  and  drained 
whenever  possible. 

The  general  treatment  is  conducted  on  the  same  lines  as  in 
other  forms  of  septic  infection. 


CHAPTER  VI 


ULCERATION  AND  ULCERS 

Definitions-Clinical  examination  of  an  ulcer-The  healing  sore.— Classi- 
fication of  ulcers— A.  According  to  cause :  Trmmatism,  Imperfect 
drculalion,  Imperfect  nerve-supply,  Constitutional  causes—^i.  Accord- 
ing  to  condition :  Healing,  Stationary,  Spreadi7iy.—Ti-ea.tm(int— 
Skin-Grafting. 

The  process  of  ulceration  may  be  defined  as  the  molecular  or 
cellular  death  of  tissue  taking  place  on  a  free  surface.  It  is 
essentially  of  the  same  nature  as  the  process  of  suppuration, 
only  that  the  purulent  discharge,  instead  of  collecting  in  a 
closed  cavity  and  forming  an  abscess,  at  once  escapes  on  the 
surface. 

An  ulcer  is  an  open  wound  or  sore  in  Avhich  there  are  present 
certain  conditions  tending  to  prevent  it  undergoing  the  natural 
process  of  repair.  Of  these,  one  of  the  most  important  is  the 
presence  of  pathogenic  bacteria,  which  by  their  action  not  only 
prevent  healing,  but  so  irritate  and  destroy  the  tissues  as  to 
lead  to  an  actual  increase  in  the  size  of  the  sore.  Interference 
with  the  nutrition  of  a  part  by  oedema  or  chronic  venous 
congestion  may  impede  healing  ;  as  may  also  induration  of  the 
area  surrounding  an  ulcer,  by  preventing  the  contraction  which 
is  such  an  important  factor  in  repair.  Defective  innervation, 
such  as  occurs  in  injuries  and  diseases  of  the  spinal  cord,  also 
plays  an  important  part  in  delaying  repair.  In  certain  con- 
stitutional conditions,  too  —  for  example,  Bright's  disease, 
diabetes,  or  syphilis — -the  vitiated  state  of  the  tissues  is  an 
impediment  to  repair.  Mechanical  causes,  such  as  unsuitable 
dressings  or  ill-fitting  appliances,  may  also  act  in  the  same 
direction. 

Clinical  Examination  of  an  Ulcer. — In  examining  any  ulcer, 
we  observe — (1)  Its  base  or  floor,  noting  the  presence  or 
absence  of  granulations,  their  disposition,  size,  colour,  vascu- 
larity, and  whether  they  are  depressed  or  elevated  in  relation 
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to  the  surrounding  parts.  (2)  The  discharge  as  to  quantity,  con- 
sistence, colour,  composition,  and  odour.  (3)  The  edges,  noting 
particularly  whether  or-not  the  marginal  epithelium  is  attempt- 
ing to  grow  in  over  the  surface ;  also  their  shape,  regularity, 
thickness,  and  whether  undermined  or  overlapping,  everted 
or  depressed.  (4)  The  surrounding  tissues  as  to  whether  they 
are  congested,  oedematous,  inflamed,  indurated,  or  otherwise. 
(5)  Whether  or  not  there  is  pain  or  tenderness  in  the  raw 
surface  or  its  surroundings.  (6)  The  part  of  the  body  on  which 
it  occurs,  because  certain  ulcers  have  special  seats  of  election — 
for  example,  the  varicose  ulcer  in  the  lower  third  of  the  leg, 
the  perforating  ulcer  on  the  sole  of  the  foot,  and  so  on. 

The  Healing  Sore. — If  a  portion  of  skin  be  excised  aseptically, 
and  no  attempt  made  to  close  the  wound,  the  raw  surface  left 
is  soon  covered  over  with  a  layer  of  coagulated  blood  and 
lymph.  In  the  course  of  a  few  days  this  is  replaced  by  the 
growth  of  gramdations,  which  are  of  uniform  size,  of  a  pinkish- 
red  colour,  and  moist  with  a  slight  serous  exudate  containing  a 
few  dead  leucocytes.  They  grow  until  they  reach  the  level  of 
the  surrounding  skin,  and  so  fill  the  gap  with  a  fine  velvety 
mass  of  granulation  tissue.  At  the  edges,  the  young  epithelium 
may  be  seen  spreading  in  over  the  granulations  as  a  fine  bluish- 
white  pellicle,  which  gradually  covers  in  the  sore,  becoming 
paler  in  colour  as  it  thickens,  and  eventually  forming  the 
smooth,  non-vascular  covering  of  the  cicatrix.  There  is  no 
pain,  and  the  surrounding  parts  are  healthy. 

This  may  be  used  as  a  type  with  Avhich  to  compare  the 
ulcers  seen  at  the  bedside,  so  that  we  may  determine  how 
far,  and  in  what  particulars,  these  difi'er  from  the  type ;  and 
that  we  may  in  addition  recognise  the  conditions  that  have 
to  be  counteracted  before  the  characters  of  the  typical  healing 
sore  are  assumed. 

For  purposes  of  contrast  we  may  indicate  the  characters  of 
au  open  sore  in  which  bacterial  infection  with  pathogenic 
bacteria  has  taken  place.  The  layer  of  coagulated  blood  and 
lymph  becomes  liquefied  and  is  thrown  off,  and  instead  of 
granulations  being  formed,  the  tissues  exposed  on  the  floor 
of  the  ulcer  are  destroyed  by  the  bacterial  toxins,  with  the 
formation  of  minute  sloughs  and  a  quantity  of  pus. 

The  discharge  is  profuse,  thin,  acrid,  and  oflensive,  and  con- 
sists of  pus,  broken-down  blood-clot,  and  sloughs.  The  edges 
are  inflamed,  irregular,  and  ragged,  showing  no  sign  of  growing 
epithelium, — on  the  contrary,  the  sore  may  be  actually  increas- 
ing in  area  by  the  breaking-down  of  the  tissues  at  its  margins. 
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The  surrounding  parts  are  hot,  red,  swollen,  and  (edematous ; 
;  and  there  is  pain  and  tenderness  both  in  the  sore  itself  and  m 
;  the  parts  around.  - 

Classification  of  Ulcers.— The  nomenclature  of  ulcers  is 

■  much  involved  and  gives  rise  to  great  confusion,  chiefly  for  the 
reason  that  no  one  basis  of  classification  has  been  adopted. 

■  Thus  some  ulcers  are  named  according  to  the  causes  at  work  m 
producing  or  maintaining  them— for  example,  the  traumatic 
the  septic,  and  the  varicose  ulcer ;  some  from  the  constitutional 
element  present,  as  the  tuberculous,  the  syphilitic,  the  gouty, 
and  the  diabetic  ulcer ;  and  others  according  to  the  condition 
in  which  they  happen  to  be  when  seen  by  the  surgeon,  such  as 
the  weak,  the  inflamed,  and  the  callous  ulcer. 

So  long  as  we  retain  these  names  it  will  be  impossible 
to  find  a  single  basis  for  classification;  and  yet  many  of 
the  terms  are  so  descriptive  and  so  generally  understood 
that  it  is  undesirable  to  abolish  them.  We  must  therefore 
remain  content  with  a  clinical  arrangement  of  ulcers  — it 
cannot  be  called  a  classification,— considering  any  given  ulcer 
from  two  points  of  view :  first  its  cause,  and  second  its  present 
condition.  This  method  of  studying  ulcers  has  the  practical 
advantage  that  it  furnishes  us  with  the  main  indications  for 
treatment  as  well  as  for  diagnosis,— the  cause  must  be  removed, 
and  the  condition  so  modified  as  to  convert  the  ulcer  into  an 
aseptic  healing  sore. 

A.  Arrangement  of  Ulcers  according  to  their  Cause. — 
Although  any  given  ulcer  may  be  due  to  a  combination  of 
causes,  it  is  convenient  to  describe  the  following  groups. 

Ulcers  due  to  Traumatism. — Traumatism  in  the  form  of  a 
crush  or  bruise  is  a  frequent  cause  of  ulcer  formation,  acting 
either  by  directly  destroying  the  skin,  or  by  so  diminishing  its 
vitality  that  it  is  rendered  a  suitable  soil  for  bacteria.  If  these 
gain  access,  in  the  course  of  a  few  days  the  damaged  area  of 
skin  becomes  of  a  greyish  colour,  blebs  form  on  it,  and  it 
sloughs,  leaving  an  unhealthy  raw  surface  when  the  slough 
separates. 

Heat  and  exposure  to  the  Rbntgen  rays  act  in  a  similar  way. 

The  pressure  of  improperly  padded  splints  or  other  appli- 
ances may  so  far  interfere  with  the  local  circulation  of  the  part 
pressed  upon,  that  the  skin  sloughs,  leaving  an  open  sore.  This 
is  most  liable  to  occur  in  patients  who  suffer  from  some  nerve 
lesion — such  as  anterior  poliomyelitis,' or  injury  i  of  the  spinal 
cord  or  nerve-trunks.  Splint-pressure  sores  are  usually  situated 
over  bony  prominences,  such  as  the  malleoli,  the  condyles  of  the 
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femur  or  humerus,  the  head  of  the  fibula,  the  dorsum  of  the 
foot,  or  the  base  of  the  fifth  metatarsal  bone.    On  removing 


Fig.  17.— Leg  Ulcers  associated  with  Varicose  Veins  and 
Pigiiieutation  of  the  Skin. 


the  splint,  the  skin  of  the  part  pressed  upon  is  found  to  be  of  a 
red  or  pink  colour,  with  a  pale  grey  patch  in  the  centre,  which 
eventually  sloughs  and  leaves  an  ulcer.  Certain  forms  of  bed- 
sore are  due  to  prolonged  pressure. 
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Pressure  sores  are  also  known  to  have  been  produced  arti- 
ficially hy  malingerers  and  hysterical  subjects. 

Ulcers  clue  to  Imperfect  Circulation. — Imperfect  circulation 
is  an  important  causative  factor  in  ulceration,  especially  when  it 
is  the  venous  return  that  is  defective.  This  is  best  illustrated 
in  the  so-called  leg  ulcer,  which  occurs  most  frequently  on  the 
front  and  inner  aspect  of  the  lower  third  of  the  leg.  At 
this  point  the  anastomosis  between  the  superficial  and  deep 
veins  of  the  leg  is  less  free  than  elsewhere,  so  that  the  extra 
stress  thrown  upon  the  surface  veins  interferes  with  the  nutri- 
tion of  the  skill  (Hilton).  The  importance  of  imperfect 
venous  return  in  the  causation  of  such  ulcers  is  evidenced  by 
the  fact  that  as  soon  as  the  condition  of  the  circulation  is 
improved  by  confining  the  patient  to  bed  and  elevating  the 
limb,  the  ulcer  begins  to  heal,  even  although  all  methods  of  local 
treatment  have  hitherto  proved  ineffectual.  In  a  consider- 
able number  of  cases,  but  by  no  means  in  all,  this  form  of  ulcer 
is  associated  witli  the  presence  of  varicose  veins,  and  in  such 
cases  it  is  spoken  of  as  the  varicose  ulcer  (Fig.  17).  The  presence 
of  varicose  veins  is  frequently  associated  with  a  diffuse  brownish 
or  bluish  pigmentation  of  the  skin  of  the  lower  third  of  the  leg, 
or  with  an  obstinate  form  of  eczema  (varicose  eczema),  and  the 
scratching  or  rubbing  of  the  part  is  very  liable  to  cause  a 
breach  of  the  surface  and  permit  of  infection  which  leads  to 
ulceration.  Varicose  ulcers  may  also  originate  from  the  burst- 
ing of  a  small  peri-phlebitic  abscess. 

Varicose  veins  in  immediate  relation  to  the  base  of  a  large 
chronic  ulcer  usually  become  thrombosed,  and  in  time  are 
reduced  to  fibrous  cords,  and  therefore  in  such  cases  hasmor- 
rhage  is  not  a  common  complication.  In  smaller  and  more 
superficial  ulcers,  however,  the  destructive  process  is  liable 
to  implicate  the  wall  of  the  vessel  before  the  occurrence  of 
thrombosis,  and  to  lead  to  profuse  and  often  dangerous 
bleeding.  ° 

These  ulcers  are  at  first  small  and  superficial,  but  from  want 
of  care,  from  continued  standing  or  walking,  or  from  injudicious 
treatment,  they  gradually  become  larger  and  deeper.  They  are 
not  infrequently  multiple,  and  this,  together  with  their  depth, 
may  lead  to  their  being  mistaken  for  ulcers  due  to  syphilis. 
The  base  of  the  ulcer  is  covered  with  imperfectly  formed,  soft 
oedematous  granulations,  which  give  off  a  thin  sero-purulent 
discharge.  The  edges  are  slightly  inflamed,  and  show  no 
evidence  of  healing.  The  parts  around  are  usually  pigmented 
and  slightly  cedematous,  and  as  a  rule  there  is  little  pain.  This 


80 


ULCERATION  AND  ULCERS 


variety  of  ulcer  is  particularly  prone  to  pass  into  the  condition 
known  as  callous. 

In  amemic  patients,  especially  young  girls,  ulcers  are  occa- 
sionally met  with  which  have  many  of  the  clinical  characters 
of  those  associated  with  imperfect  venous  return.  They  are 
very  slow  to  heal,  and  tend  to  pass  into  the  condition  known 
as  weak. 

Ulcers  due  to  Interference  with  Nerve-supply. — Any  inter- 
ference with  the  nerve-supply  of  the  superficial  tissues  pre- 
disposes to  ulceration.    For  example,  trophic  ulcers  are  liable 

to  occur  in  injuries  or 
diseases  of  the  spinal 
cord,  in  cerebral  paral- 
ysis, in  limbs  weakened 
by  poliomyelitis,  in  as- 
cending or  peripheral 
neuritis,  or  after  injuries 
of  nerve- trunks  (Fig.  18). 

The  acute  bed-sore  is 
a  rapidly  progressing 
form  of  ulceration,  often 
amounting  to  gangrene, 
of  portions  of  skin  ex- 
posed to  pressure  when 
their  trophic  nerve- 
supply  has  been  inter- 
fered with. 

The  perforating  ulcer 
of  the  foot  is  a  peculiar 
type  of  sore  which  occurs 

Pig.  18.-Trc.phic  Ulcers  of  Fingers  follomug  in  association  with  the 
Division  of  Median  Nerve  above  Wrist.  different  forms  of  peri- 
pheral neuritis,  and  with 
various  lesions  of  the  brain  and  spinal  cord,  such  as  general 
paralysis,  locomotor  ataxia,  or  syringo-myelia.  It  also  occurs  in 
patients  suffering  from  glycosuria  (Fig.  19),  and  is  usually 
associated  with  arterio-sclerosis — local  or  general.  Perforating 
ulcer  is  met  with  most  frequently  under  the  head  of  the  meta- 
tarsal bone  of  the  great  toe.  A  callosity.forms  and  suppuration 
occurs  under  it,  the  pus  escaping  through  a  small  hole  in  the 
centre.  So  long  as  the  patient  continues  to  go  about,  the  process 
slowly  and  gradually  spreads  deeper  and  deeper,  till  eventually 
the  bone  or  joint  is  reached,  and  liecomes  implicated  in  the 
destructive  process — hence  the  term  "perforating  ulcer."  The 
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ilexor  tendons  are  sometimes  destroyed,  the  toe  being  dorsiflexed 
by  the  unopposed  extensors.    The  depth  of  the  track  being  so 


Fig.  19.— Perforating  Ulcer  of  Foot. 


disproportionate  to  its  superficial  area,  the  condition  closely 
simulates  a  tuberculous  sinus,  for  which  it  is  liable  to  be 
mistaken.    The  raw  surface  is  absolutely  insensitive,  so  that 


Fici.  20.— Perforating  Ulcers  of  Sole  of  Foot. 
(From  Photograph  lent  by  Mr.  J.  M.  Cotterill.) 
VOL.  I. — 6 
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the  probe  can  be  freely  employed  without  the  patient  even 
being  aware  of  it  or  suffering  the  least  discomfort— a  significant 
fact  °in  diagnosis.    The  cavity  is  filled  with  effete  and  decom- 
posing epidermis,  which  has  a  most  offen.sive  odour.  The 
chronic  and  intractable  character  of  these  ulcers  is  due  to 
interference  with  the  trophic  nerve-supply  of  the  parts,  and  to 
the  fact  that  the  epithelium  of  the  skin  grows  in  and  Imes  the 
track  leading  down  to  the  deepest  part  of  the  ulcer  and  so 
■  prevents  closure.    While  they  are  commonest  on  the  sole  of 
the  foot  and  other  parts  subjected  to  pressure,  perforating  ulcers  • 
are  met  with  on  the  sides  and  dorsum  of 
the  foot  and  toes,  on  the  hands,  and  on  other 
parts  where  no  pressure  has  been  exerted.^ 

The  tuberculous  ulcer,  so  often  seen  in 
the  neck,  in  the  vicinity  of  joints,  or  over 
the  ribs  and  sternum,  usually  results  from 
the  bursting  through  the  skin  of  a  tuber- 
culous abscess.    The  base  is  soft,  pale,  and 
covered  with  feeble  granulations  and  grey 
shreddy  sloughs.    The  edges  are  of  a  dull 
blue  or  purple  colour,  and  gradually  thin  out 
towards  their  free  margins,  and  in  addition 
are  characteristically  undermined,  so  that  a 
probe  can  be  passed  for  some  distance  be- 
tween the  floor  of  the  ulcer  and  the  thinned- 
out  edges.    Thin,  devitalised  tags  of  skin 
often  stretch  from  side  to  side  of  the  ulcer. 
The  outline  is  irregular ;  small  perforations 
often  occur  through  the  skin,  and  a  thin, 
watery  discharge,  containing  grey  shreds  of 
tuberculous  debris,  escapes. 

Bazin's  Disease.— This  term  is  applied  to 
an  affection  of  the  skin  and  subcutaneous 
tissue  which  bears  certain  resemblances  to  tuberculosis.  It  is 
met  with  almost  exclusively  between  the  knee  and  the  ankle, 
and  it  usually  affects  both  legs.  It  is  commonest  m  young 
women  of  delicate  constitution,  in  whose  family  history  there 
is  evidence  of  a  tuberculous  taint.  The  patient  often  presents 
other  lesions  of  a  tuberculous  character,  notably  enlarged  cer- 
vical glands  and  phlyctenular  ophthalmia.  The  tubercle  bacillus 
has  rarely  been  found,  but  we  have  always  observed  character- 
istic epithelioid  cells  and  giant  cells.  , 

The  condition  begins  by  the  formation  in  the  skm  and 
subcutaneous  tissue  of  dusky  or  livid  nodules  of  induration, 


Fig.  21.— Syphilitic 
Ulcers  of  Leg. 
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•which  soften  and  ulcerate,  forming  small  open  sores  with  ragged 
and  undermined  edges,  not  unlike  those  resulting  from  the 
breaking  down  of  sitperficial  syphilitic  gunimata  (Fig.  22). 
Fresh  crops  of  nodules  appear  in  the  neighbourhood  of  the 
ulcers,  and  in  turn  break  down.  While  in  the  nodular  stage 
the  affection  is  sometimes  painful,  but  with  the  formation  of 
the  ulcers  the  pain  subsides. 

The  disease  runs  a  very  chronic  course,  and  may  slowly 
extend  over  a  wide 
area  in  spite  of  all  the 
usual  methods  of  treat- 
ment. After  lasting 
for  some  months,  or 

even  years,  however,  it  5; 
may  even  tually  undergo 
spontaneous  cure.  The 
most  satisfactory  treat- 
ment is  to  excise  the 
affected  tissues  and  fill 
the  gap  with  Thiersch 
grafts. 

The  syj)MUtic  ulcer 
is  usually  formed  by  i^, 
the  breaking  down  of 
a  cutaneous  or  sub- 
cutaneous gumma  in 
the  tertiary  stage  of 
syphilis.  When  the 
gummatous  tissue  is 
first  exposed  by  the 
destruction  of  the  skin 
or  mucous  membrane 
covering  it,  it  appears  Fig.  22.— Bazin's  Disease  in  a  girl  a3t.  16. 
as    a   tough  greyish 

slough,  compared  to  "wash  leather,"  which  slowly  separates 
and  leaves  a  more  or  less  circular,  deep,  punched-out  gap  which 
shows  a  few  feeble  unhealthy  granulations  and  small  sloughs  • 
on  its  floor.  The  edges  are  raised  and  indurated;  and  the 
discharge  is  thick,  glairy,  and  peculiarly  olFensive.  The  parts 
around  the  ulcer  are  congested  and  of  a  dark-brown  colour. 
There  are  usually  several  such  ulcers  together,  and  as  they  tend 
to  heal  at  one  part  while  they  spread  at  another,  the  affected 
area  assumes  a  sinuous  or  serpiginous  outline.  Syphilitic  ulcers 
may  be  met  with  in  any  part  of  the  body,  but  are  most  frequent 
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in  the  upper  part  of  the  leg  (Fig.  21),  especially  around  the 
knee-joint  in  women,  and  over  the  ribs  and  sternum.  On  heal- 
ing, they  usually  leave  a  depressed  and  adherent  cicatrix. 

The  scorbutic  ulcer  occurs  in  patients  suffering  from 
scurvy,  and  is  characterised  by  its  prominent  granulations, 
which  show  a  marked  tendency  to  bleed,  with  the  forma- 
tion of  clots,  which  dry  and  form  a  spongy  crust  on  the 
surface. 

In  gouty  patients  small  ulcers  which  are  exceedingly  irritable 
and  pamful  are  liable  to  occur. 

Ulcers  associated  loith  Malignant  Disease. — Cancer  and 
sarcoma  when  situated  in  the  subcutaneous  tissue  may  destroy 
the  overlying  skin  so  that  the  substance  of  the  tumour  is 
exposed.  The  fungating  masses  thus  produced  are  sometimes 
spoken  of  as  malignant  ulcers,  but  as  they  are  essentially 
different  in  their  nature  from  all  other  forms  of  ulcers,  and 
call  for  totally  different  treatment,  it  is  best  to  consider  them 
along  with  the  tumours  with  which  they  are  associated. 
Rodent  ulcer,  which  is  one  form  of  cancer  of  the  skin,  will  be 
discussed  with  tumours  of  the  skin. 

B.  Arrangement  of  Ulcers  according  to  their  Condition. — 
Having  arrived  at  an  opinion  as  to  the  cause  of  a  given  ulcer, 
and  placed  it  in  one  or  other  of  the  preceding  groups,  the  next 
question  to  ask  is,  "  In  what  condition  do  I  find  this  ulcer  at 
the  present  moment  V  .  _ 

Any  ulcer  is  in  one  of  three  states — healing,  stationary, 
or  spreading;  although  it  is  not  uncommon  to  find  heal- 
ing going  on  at  one  part  while  the  ulcer  is  extending  at 
another. 

Tiie  Healing  Condition. — The  process  of  healing  in  an  ulcer 
has  already  been  studied,  and  we  have  learned  that  it  takes 
place  by  the  formation  of  granulation  tissue,  which  becomes 
converted  into  connective  tissue,  and  is  covered  over  by 
epithelium  growing  in  from  the  edges. 

Those  ulcers  which  are  stationanj — that  is,  neither  healing 
nor  spreading — may  be  in  one  of  several  conditions. 

The  Weak  Condition. — Any  ulcer  may  get  into  a  weak  state 
from  receiving  a  blood-supply  which  is  defective  either  in 
quantity  or  in  quality.  The  granulations  are  small  and  smooth, 
and  of  a  pale  yellow  or  grey  colour,  the  discharge  is  small  in 
amount,  and  consists  of  thin  serum  and  a  few  pus  cells,  and  as 
this  dries  on  the  edges  it  forms  scabs  which  interfere  with 
the  growth  of  epithelium. 

Should  the  part  become  oedematous,  either  from  general 
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causes,  such  as  heart  or  kidney  disease,  or  from  local  causes, 
such  as  varicose  veins,  the  granulations  share  in  the  oedema, 
and  there  is  an  abundant  serous  discharge. 

The  excessive  use  of  moist  dressings  leads  to  a  third  variety 
of  weak  ulcer — namely,  one  in  which  the  granulations  become 
large,  soft,  pale,  and  flabby,  projecting  beyond  the  level  of  the 
skin  and  overlapping  the  edges,  Avhich 
become  pale  and  sodden.  The  term 
"proud  flesh"  is  popularly  applied  to 
such  redundant  granulations. 

The  Callous  Condition. — This  con- 
dition is  usually  met  with  in  ulcers  on 
the  lower  third  of  the  leg,  and  is  often 
associated  with  the  presence  of  varicose 
veins.  It  is  chiefly  met  with  in  hospital 
practice.  The  want  of  healing  is  mainly 
due  to  impeded  venous  return  and  to 
oedema  and  induration  of  the  surround- 
ing skin  and  cellular  tissues.  The  in- 
duration results  from  coagulation  and 
partial  organisation  of  the  inflammatory 
effusion,  and  prevents  the  necessary 
contraction  of  the  sore.  The  base  of  a 
callous  ulcer  lies  at  some  distance  below 
the  level  of  the  swollen,  thickened,  and 
white  edges,  and  presents  a  glazed 
appearance,  such  granulations  as  are 
present  being  unhealthy  and  irregular. 
The  discharge  is  usually  watery,  and 
cakes  in  the  dressing.  "When  from 
neglect  and  want  of  cleanliness  the 
ulcer  becomes  inflamed,  there  is  con- 
siderable pain,  and  the  discharge  is 
purulent  and  often  offensive. 

The  prolonged  hypersemia  of  the 
tissues  in  relation  to  a  callous  ulcer 

of  the  leg  often  leads  to  changes  in  the  underlying  bones. 
The  periosteum  is  abnormally  thick  and  vascular,  the  super- 
ficial layers  of  the  bone  become  injected  and  porous,  and 
the  bones,  as  a  whole,  are  thickened.  In  the  macerated  bone 
"  the  surface  is  covered  with  irregular,  stalactite-like  processes 
or  foliaceous  masses,  which,  to  a  certain  extent,  follow  the  line 
of  attachment  of  the  interosseous  membrane  and  of  the  inter- 
muscular  septa"   (Cathcart)  (Fig.  23).     When  the  whole 


Fig.  23.  —  Bones  of  Leg, 
showing  changes  due ;  to 
Chronic  Ulcer. 
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thickness  of  the  soft  tissues  is  destroyed  by  the  ulcerative 
process,  the  area  of  bone  that  comes  to  form  the  base  of  the 
ulcer  projects  as  a  flat,  porous  node,  which  in  its  turn  may  be 
eroded.  These  changes  have  often  been  mistaken  for  disease 
originating  in  the  bone. 

The  irritable  condition  is  met  with  in  ulcers  which  occur,  as 
a  rule,  just  above  the  external  malleolus  in  women  of  neurotic 
temperament.  They  are  small  in  size  and  have  prominent 
granulations,  and  by  the  aid  of  a  probe  points  of  excessive 
tenderness  may  be  discovered.  These,  Hilton  believed,  corre- 
spond to  exposed  nerve  filaments. 

Ulcers  which  are  spreading  may  be  met  with  in  one  of 
several  conditions. 

The  Inflamed  Condition. — Any  ulcer  may  become  acutely 
inflamed  from  the  access  of  fresh  organisms,  aided  by 
mechanical  irritation  from  trauma,  ill-fitting  sphnts  or  band- 
ages, or  want  of  rest,  or  from  chemical  irritants  such  as  strong 
antiseptics.  The  best  cUnical  example  of  an  inflamed  ulcer  is 
the  venereal  soft  sore.  The  base  of  the  ulcer  becomes  red  and 
angry-looking,  the  granulations  disappear,  and  a  copious  dis- 
charge of  thin  yellow  pus,  mixed  with  blood,  escapes.  Sloughs 
of  granulation  tissue  or  of  connective  tissue  may  form.  The 
edges  become  red,  ragged,  and  everted,  and  the  ulcer  increases 
in  size  by  spreading  into  the  inflamed  and  cedematous  surround- 
ing tissues.  Such  ulcers  are  frequently  multiple.  Pam  is  a 
constant  symptom,  and  is  often  severe,  and  there  is  usually 
some  constitutional  disturbance. 

The  phagedxnic  condition  is  the  result  of  an  ulcer  being 
infected  with  specially  virulent  bacteria.  It  often  occurs  in 
syphilitic  ulcers,  and  rapidly  leads  to  a  widespread  destruction 
of  tissue.  It  is  also  met  Avith  in  the  throat  in  some  cases  of 
scarlet  fever,  and  may  give  rise  to  fatal  haemorrhage  bj^  ulcerat- 
ing into  large  blood-vessels.  All  the  local  and  constitutional 
signs  of  a  severe  septic  infection  are  present. 

Treatment  of  Ulcers.— The  treatment  of  ulcers  is  a  matter 
of  great  practical  importance.  An  ulcer  is  not  only  an 
immediate  cause  of  suff'ering  to  the  patient,  cripplmg  and 
incapacitating  him  for  his  work,  but  is  a  distinct  and  constant 
menace  to  his  health :  the  prolonged  discharge  reduces  his 
strength ;  the  open  sore  is  a  possible  source  of  infection  by 
the  organisms  of  suppuration,  erysipelas,  or  other  specific 
diseases;  phlebitis,  with  formation  of  septic  emboli,  leading 
to  pyaemia,  is  liable  to  occur;  and  in  old  persons  it  is  not 
uncommon  for  ulcers  of  long  standing  to  become  the  seat  of 
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cancer.    In  addition,  the  ofTensive  odour  of  many  ulcers  renders 
the  patient  a  source  of  annoyance  and  discomfort  to  others. 

The  primary  object  of  treatment  in  any  ulcer  is  to  bring  it 
into  the  condition  of  a  healing  sore.  When  this  has  been 
eifected,  nature  will  do  the  rest,  provided  extraneous  sources 
of  irritation  are  excluded. 

Steps  must  be  taken  to  facilitate  the  venous  return  from  the 
ulcerated  part,  and  to  ensure  that  a  sufficient  supply  of  fresh, 
healthy  blood  reaches  it.  The  septic  element  must  be  elimin- 
ated by  disinfecting  the  ulcer  and  its  surroundings,  and  any 
other  sources  of  irritation  must  be  removed. 

If  the  patient's  health  is  below  par,  good  nourishing  food, 
tonics,  and  general  hygienic  treatment  are  indicated. 

Management  of  a  Healing  Sore. — Perhaps  the  best  dressing 
for  a  healing  sore  is  a  layer  of  Lister's  perforated  oiled-silk 
protective,  which  is  made  to  cover  the  raw  surface  and  the 
skin  for  about  a  quarter  of  an  inch  beyond  the  margins  of 
the  sore.  Over  this  three  or  four  thicknesses  of  sterilised 
gauze,  wrung  out  of  boracic  lotion  or  sterilised  water,  are 
applied,  and  covered  by  a  pad  of  absorbent  wool.  As  far  as 
possible  the  part  should  be  kept  at  rest,  and  the  position 
should  be  adjusted  so  as  to  favour  the  circulation  in  the 
alfected  area. 

The  dressing  may  be  renewed  every  two  or  three  days,  and 
care  must  be  taken  to  avoid  any  rough  handling  of  the  sore. 
Any  discharge  that  lies  on  the  surface  should  be  removed  by 
a  gentle  stream  of  lotion  rather  than  by  wiping.  The  area 
round  the  sore  should  be  cleansed  before  the  fresh  dressing  is 
applied. 

In  some  cases,  healing  goes  on  more  rapidly  under  a  dressing 
of  weak  boracic  ointment  (one-quarter  the  strength  of  the 
pharmacopceial  preparation). 

Dusting  powders  and  poultice  dressings  are  best  avoided  in 
the  treatment  of  healing  sores. 

Treatment  of  Special  Varieties  of  Ulcers. — Before  begin- 
ning to  treat  a  given  ulcer,  two  questions  have  to  be  answered 
— first,  What  are  the  causative  conditions  present  1  and  second, 
In  what  condition  do  I  find  the  ulcer? — in  other  words.  In 
what  particulars  does  it  differ  from  a  healthy  healing  sore  ? 

If  the  cause  is  a  local  one,  it  must  be  removed ;  if  a  con- 
stitutional one,  means  must  be  taken  to  counteract  it.  This 
done,  the  condition  of  the  ulcer  must  be  so  modified  as  to 
bring  it  into  the  state  of  a  healing  sore,  after  which  it  will  be 
managed  on  the  lines  already  laid  down. 
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Treatment  in  relation  to  the  Cause  of  the  Ulcer. — Trmi- 
medic  Group. — The  prophylaxis  of  these  ulcers  consists  in 
exckiding  bacteria,  by  cleansing  crushed  or  bruised  parts,  and 
applying  sterilised  dressings  and  properly  adjusted  splints.  If 
there  is  reason  to  fear  that  the  disinfection  has  not  been 
complete,  a  Bier's  constricting  bandage  should  be  applied  for 
some  hours  each  day.  These  measures  will  often  prevent 
a  grossly  injured  portion  of  skin  dying,  and  will  ensure- 
asepticity  should  it  do  so.  In  the  event  of  the  skin  giving 
way,  the  same  form  of  dressing  should  be  continued  till  the 
slough  has  separated  and  a  health}'-  granulating  surface  is 
formed.  The  protective  dressing  appropriate  to  a  healing  sore 
is  then  substituted.  Pressure  sores  are  treated  on  the  same 
lines. 

The  treatment  of  hums  and  scalds  will  be  described  later. 

In  ulcers  of  the  leg  d.ue  to  interference  with  the  venous  return^ 
the  primary  indication  is  to  elevate  the  limb  in  order  to- 
facilitate  the  flow  of  the  blood  in  the  veins,  and  so  admit  of 
fresh  blood  reaching  the  part.  The  limb  may  be  placed  on 
pillows,  or  the  foot  of  the  bed  raised  on  blocks,  so  that  the 
ulcer  lies  on  a  higher  level  than  the  heart.  Should  varicose 
veins  be  present,  the  question  of  operative  treatment  must  be 
considered. 

When  an  imperfect  nerve-supply  is  the  main  factor  under- 
lying ulcer  formation,  prophylaxis  is  the  chief  consideration. 
In  patients  suffering  from  spinal  injuries  or  diseases,  cerebral 
paralysis,  or  affections  of  Jhe  peripheral  nerves,  all  sources  of 
irritation,  such  as  ill-fitting  splints,  tight  bandages,  moist 
applications,  and  hot  bottles,  should  be  avoided.  Any  part 
liable  to  pressure,  from  the  position  of  the  patient  or  other- 
wise, must  be  carefully  protected  by  pads  of  wool,  air-cushion?,, 
or  water-bags,  and  must  be  kept  absolutely  dry.  The  skin 
should  be  hardened  by  daily  applications  of  methylated  spirit. 

Should  an  ulcer  form  in  spite  of  these  precautions,  the 
mildest  antiseptics  must  be  employed  for  bathing  and  dressing 
it,  and  as  far  as  possible  all  dressings  should  be  dry. 

The  ferforating  ulcer  of  the  foot  calls  for  special  treatment. 
To  avoid  pressure  on  the  sole  of  the  foot,  the  patient  must  be 
confined  to  bed.  As  the  main  local  obstacle  to  healing  is  the 
down-growth  of  epithelium  along  the  sides  of  the  ulcer,  this 
must  be  removed  by  the  knife  or  sharp  spoon.  The  base  also 
should  be  excised,  and  any  bone  which  maj^  have  become 
involved  should  be  gouged  away,  so  as  to  leave  a  healthy  and 
vascular  surface.    The  cavity  thus  formed  is  stuffed  with  iodo- 
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form  gauze  and  encoura£;ed  to  heal  from  the  bottom.  After 
the  ulcer  is  healed,  the  patient  should  wear  in  his  boot  a  thick 
felt  sole  with  a  hole  cut  out  opposite  the  situation  of  the 
cicatrix.  When  a  joint  has  been  opened  into,  the  difficulty  of 
thoroughly  getting  rid  of  all  unhealthy  and  infected  granula- 
tions is  so  great  that  amputation  may  be  advisable;  but  it  is 
to  be  remembered  that  ulceration  may  recur  in  the  stump  if 
pressure  is  put  upon  it.  The  treatment  of  any  nervous  disease 
or  glycosuria  which  may  coexist  is,  of  course,  indicated. 

Exposure  of  the  plantar  nerves  by  an  incision  behind  the 
internal  malleolus,  and  subjecting  them  to  forcible  stretching, 
has  been  employed  by  Chipault  and  others  in  the  treatment  of 
perforating  ulcers  of  the  foot.  ■ 

The  ulcer  that  forms  in  relation  to  callosities  on  the  sole  of 
the  foot  is  treated  by  paring  away  all  the  thickened  skin,  after 
softening  it  with  soda  fomentations,  removing  the  unhealthy 
granulations,  and  applying  stimulating  dressings. 

Treatment  of  Ulcers  due  to  Constitutional  Causes. — When 
ulcers  are  associated  with  such  diseases  as  tuberculosis,  syphilis, 
diabetes,  Bright's  disease,  scurvy,  or  gout,  these  must  receive 
appropriate  treatment. 

The  local  treatment  of  the  tuberculous  ulcer  calls  for  special 
mention.  If  the  ulcer  is  of  limited  extent  and  situated  on 
an  exposed  part  of  the  body,  the  most  satisfactory  method 
is  complete  removal,  by  means  of  the  knife,  scissors,  or  sharp 
spoon,  of  the  ulcerated  surface  and  of  all  the  infected  area 
around  it,  so  as  to  leave  a  healthy  surface  from  which  granula- 
tions may  spring  up.  Should  the  raw  surface  left  be  likely  to 
result  in  an  unsightly  scar  or  in  cicatricial  contraction,  skin- 
grafting  should  be  employed. 

For  extensive  ulcers  on  the  limbs,  the  chest  wall,  or  on 
other  covered  parts,  or  when  operative  treatment  is  contra- 
indicated,  the  use  of  tuberculin  and  exposure  to  the  Eontgen 
rays  have  proved  beneficial.  The  induction  of  passive  hyper- 
aemia,  by  Bier's  or  by  Klapp's  apparatus,  should  also  be  used, 
either  alone  or  supplementary  to  other  measures. 

Xo  ulcerative  process  responds  so  readily  to  medicinal  treat- 
ment as  the  syplnlitic  tilcer  does  to  full  doses  of  iodide  of 
potassium  and  mercury,  and  the  local  application  of  black 
wash.  When  the  ulceration  has  lasted  for  a  long  time,  how- 
ever, and  is  widespread  and  deep,  the  duration  of  troatment  is 
materially  shortened  by  a  thorough  scraping  with  the  sharp 
s^xjon. 

Treatment  in  relation  to  the  Condition  of  the  Ulcer. — 
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Ulcers  in  a  Weak  Condition. — If  the  weak  condition  of  the 
ulcer  is  due  to  ansemia  or  kidney  disease,  these  affections  must 
.first  be  treated.  Locally,  the  imperfect  granulations  should  be 
scraped  away,  and  some  stimulating  agent  applied  to  the  raw 
surface  to  promote  the  growth  of  healthy  granulations.  For 
this  purpose  a  dressing  of  boracic  lint  wrung  out  of  red  lotion 
.(2  grains  of  sulphate  of  zinc,  and  10  minims  of  compound 
tmcture  of  lavender,  to  an  ounce  of  water),  and  covered  with  a 
layer  of  gutta-percha  tissue,  is  useful. 

When  the  condition  has  resulted  from  the  prolonged  use  of 
moist  dressings,  these  must  be  stopped,  the  redundant  granula- 
tions clipped  away  with  scissors,  the  surface  rubbed  with  silver 
nitrate  or  sulphate  of  copper  (blue-stone),  and  dry  dressings 
.applied. 

When  the  ulcer  has  a.ssumed  the  characters  of  a  healing  sore, 
Thiersch  grafts  may  be  applied  to  hasten  cicatrisation. 

Ulcers  in  a  callous  condition  call  for  treatment  in^  three 
directions — (1)    The    septic   element  must   be  elimmated. 
When  the  ulcer  is  very  foul,  relays  of  charcoal  poultices 
(three  parts  of  linseed  meal  to  one  of  charcoal),  maintained 
for  thirty-six  to  forty-eight  hours,  are  useful  as  a  preliminary 
step.    The  base  of  the  ulcer  and  the  thickened  edges  should 
then  be  freely  scraped  with  a  sharp  spoon,  and  the  resulting  . 
raw  surface  sponged  over  with  undiluted  carbolic  acid,  after 
which  an  antiseptic  dressing  is  appHed,  and  changed  daily  till 
healthy  granulations  appear.    (2)  The  venous  return  must  be 
facilitated  by  elevation  of  the  limb  and  massage.    (3)  The 
induration  of  the  surrounding  parts  must  be  got  rid  of  before 
contraction  of  the  sore  is  possible.    For  this  purpose  the  free 
application  of  blisters,  as  first  recommended  by  Syme,  leaves 
little  to  be  desired.    Liquor  epispasticus  painted  over  the  parts, 
or  a  large  fly-blister  (emplastrum  cantharidis)  applied  all  round 
the  ulcer,  speedily  disperses  the  inflammatory  products  which 
cause  the  induration.    The  use  of  elastic  pressure  or  of  strap- 
ping, or  the  making  of  multiple  incisions  in  the  skin  around 
the  ulcer,  fulfil  the  same  object. 

So  soon  as  the  ulcer  assumes  the  characters  of  a  healing  sore, 
it  should  be  covered  with  Thiersch  skin-grafts,  which  furnish  _a 
much  better  cicatrix  than  that  which  forms  when  the  ulcer  is 
allowed  to  heal  without  such  aid. 

A  more  radical  and  very  successful  method  of  treatment 
■consists  in  excising  the  whole  ulcer  and  grafting  the  raw 
surface. 

Ambulatory  Treatment. — When  the  circumstances  of  the 


TREATMENT  OF  ULCERS  91 


patient  forbid  his  lying  up  in  bed,  the  healing  of  the  ulcer  will 
be  much  delayed.  He  should  be  instructed  to  take  every 
possible  opportunity  of  placing  the  limb  in  an  elevated 
position ;  and  must  constantly  wear  a  firm  bandage  of  elastic 
webbing.  This  webbing  is  porous  and  admits  of  evaporation  of 
the  skin  and  wound  secretions — an  advantage  it  has  over 
Martin's  rubber  bandage.  The  bandage  should  extend  from 
the  toes  to  well  above  the  knee,  and  should  always  be  applied 
while  the  patient  is  in  the  recumbent  position  with  the  leg 
elevated,  preferably  before  getting  out  of  bed  in  the  morning. 
Additional  support  is  given  to  the  veins  if  the  bandage  is 
applied  as  a  figure-of-eight. 

We  have  found  the  following  method  satisfactory  in  out- 
patient practice.  The  patient  lying  on  a  couch,  the  limb  is 
raised  about  eighteen  inches  and  kept  in  this  position  for  five 
minutes — till  the  excess  of  blood  has  left  it.  With  the  limb 
still  raised,  the  ulcer  with  the  surrounding  skin  is  covered  with 
a  layer,  about  half  an  inch  thick,  of  finely  powdered  boracic 
acid,  and  the  leg,  from  foot  to  knee,  excluding  the  sole,  is 
enveloped  in  a  thick  layer  of  wood-wool  wadding.  This  is 
held  in  position  by  ordinary  cotton  bandages,  painted  over  with 
liquid  starch ;  Avhile  the  starch  is  drying  the  limb  is  kept 
elevated.  With  this  appliance  the  patient  may  continue  to 
work,  and  the  dressing  does  not  require  to  be  changed  oftener 
than  once  in  three  or  four  weeks  (W.  G.  Richardson). 

When  an  ulcer  becomes  acutely  inflamed  as  a  result  of 
superadded  infection,  antiseptic  measures  are  employed  to  over- 
come the  infection,  and  ichthyol  or  other  soothing  applications 
may  be  used  to  allay  the  pain. 

The  phagedcenic  idcer  calls  for  more  energetic  means  of 
disinfection  :  the  whole  of  the  affected  surface  is  touched  with 
the  actual  cautery  at  a  white  heat,  or  is  painted  with  pure 
carbolic  acid.  Relays  of  charcoal  poultices  are  then  applied, 
until  the  spread  of  the  disease  is  arrested. 

For  the  irritable  ulcer  the  most  satisfactory  treatment  is 
complete  excision  and  subsequent  skin-grafting. 

Skin-Geapting 

The  term  skin-grafting  is  applied  to  certain  procedures  in 
which  portions  of  epithelium  or  skin  are  applied  to  raw  or 
granulating  surfaces  with  a  view  to  promoting  the  rapid  forma- 
tion of  a  cicatrix  which  is  at  once  strong  and  pliable,  and 
which  does  not  subsequently  tend  to  undergo  contraction. 


92 


ULCERATION  AND  ULCERS 


The  grafts  may  be  taken  from  the  patient  himself, — on  the 
whole  the  most  satisfactory  source, — from  another  person,  or 
from  one  of  the  lower  animals. 

The  procedure  is  applicable  to  all  forms  of  sores  when  in  a 
healthy,  healing  condition,  especially  those  resulting  from 
burns,  severe  crushes,  or  septic  processes  involving  wide 
destruction  of  skin.  It  may  also  be  employed  to  cover  in  the 
raw  surfaces  left  after  the  excision  of  new  growths  implicating 
the  skin,  or  of  patches  of  lupus.  In  rectifying  such  defects 
as  extroversion  of  the  bladder,  ectropion  of  the  eyelids,  or 
destruction  of  the  cheek  or  nose,  skin-grafting  is  often  of  value. 

It  is  of  primary  importance  that  the  surface  on  which  the 
grafts  are  placed  should  be  aseptic  and  have  a  good  vascular 
supply,  and  that  the  surrounding  tissues  be  free  of  inflamma- 
tion, cedema,  or  induration. 

The  best  results  are  obtained  when  the  grafts  are  placed 
on  a  fresh  raw  surface.  A  granulating  surface  is,  on  the 
whole,  less  satisfactory,  because  of  the  difficulty  of  ensuring 
its  asepticity,  and  on  account  of  the  tendency  of  a  cicatrix  to 
undergo  contraction. 

In  old-standing  tilcers  of  the  leg,  it  is  best  to  excise  the  whole 
ulcer,  including  its  edges  and  about  a  quarter  to  half  an  inch  of 
the  surrounding  tissue,  as  well  as  the  underlying  fibrous  tissue. 
In  extensive  ulcers  resulting  from  recent  burns,  if  the  granula- 
tions are  healthy  and  aseptic,  the  grafts  may  safely  be  placed 
on  them  directly.  If,  however,  their  asepticity  cannot  be 
relied  upon,  it  is  necessary  to  scrape  away  the  superficial  layer 
of  the  granulations,  the  young  fibrous  tissue  underneath  being 
conserved,  as  it  is  suflficiently  vascular  to  nourish  the  grafts 
placed  on  it.  There  is  no  advantage  in  preserving  any  young 
epithelium  which  may  have  formed  round  the  ulcer,  as  this 
is  liable  to  break  down  after  the  grafts  have  united,  leaving 
a  raw  ring  round  the  newly  formed  cicatrix.  The  surface  is 
bathed  or  sprayed  with  peroxide  of  hydrogen  (10  volumes 
strength),  and  the  oozing  arrested  by  pressure  with  a  pad  of 
sterilised  gauze,  a  layer  of  protective  being  placed  next  the 
wound  to  prevent  the  gauze  adhering  and  starting  the  bleeding 
afresh  when  it  is  removed. 

The  skin  from  which  the  grafts  are  taken  should  be  dis- 
infected as  for  any  other  operation. 

Methods  of  Grafting. — Several  different  procedures,  which 
involve  the  transplantation  of  tangible  portions  of  epithelium, 
are  included  under  the  term  epithelinm-grafting.  Of  these  the 
methods  of  Thiersch  and  Reverdin  are  the  most  useful. 
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Thiersch's  Method. — For  all  practical  purposes,  this  is  the 
procedure  which  yields  the  most  satisfactory  results  and  which 
is  most  generally  applicable.  It  consists  in  transplanting 
strips  of  epidermis,  shaved  from  the  surface  of  the  skin,  the 
razor  passing  through  the  tips  of  the  papillte.  The  grafts  are 
most  conveniently  obtained  from  the  inner  aspect  of  the  thigh 
or  upper  arm,  or  from  the  front  of  the  forearm,  the  skin  in 
these  regions  being  soft,  pliable,  and  comparatively  free  from 
hairs.  They  are  cut  with  a  sharp  hollow-ground  razor,  or 
Thiersch's  skin-grafting  knife,  the  blade  of  which  is  moistened 
with  warm  saline  solution.  The  skin  is  stretched  and  kept 
flat  and  perfectly  steady.  To  ensure  uniform  strips  being  cut, 
the  razor  must  be  kept  parallel  with  the  surface,  and  used  with 
a  short,  rapid  sawing  movement.  With  a  little  practice  grafts 
six  or  eight  inches  long  by  one  or  two  inches  broad  can  readily 
be  cut. 

The  strips  of  epithelium  thus  obtained  are  directly  transferred 
to  the  surface  prepared  for  them,  for  which  they  should  be 
made  to  form  a  complete  carpet,  slightly  overlapiDing  the  edges 
of  the  sore  and  of  one  another.  Firm  pressure  is  then  made 
with  a  pad  of  gauze  over  the  grafts  to  express  blood  and  air- 
bubbles,  and  to  ensure  accurate  apposition. 

When  the  grafts  are  applied  to  a  fresh  raw  surface,  and 
when  there  is  no  reason  to  anticipate  any  discharge,  dry 
gauze  or  gauze  smeared  with  sterilised  vaseline  is  the  most 
appropriate  dressing.  When  the  grafts  are  applied  to  a  granu- 
lating surface,  however,  and  when  there  may  be  doubt  as  to 
its  perfect  asepticity,  perforated  protective  may  be  applied. 

When  it  is  feasible — for  example,  on  the  face  or  limbs  of 
adults  who  will  remain  still  during  the  after-treatment — we  have 
found  that  it  is  best  not  to  apply  any  dressing  over  the  grafts, 
which  are  left  freely  exposed  and  only  protected  by  a  wire  cage 
or  shield  such  as  is  used  after  vaccination. 

The  surface  from  which  the  grafts  have  been  taken  is  covered 
with  a  dry  gauze  dressing,  or  with  a  dressing  of  picric  acid  such 
as  is  used  for  superficial  burns. 

It  is  often  difficult  to  decide  when  the  dressing  should  be 
clianged.  In  cases  in  which  a  dry  dressing  has  been  employed 
it  may  be  left  in  position  for  from  seven  to  ten  days,  by  which 
time  the  grafts  have  united,  and  it  may  then  be  replaced  by  a 
dressing  of  weak  boracic  ointment  or  lanoline,  to  prevent  the 
young  epithelium  from  cracking  and  to  keep  the  scar  soft  and 
pliable.  When  a  protective  dressing  is  used,  it  must  be  changed 
every  third  or  fourth  day  until  the  grafts  become  fixed,  after 
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which  an  ointment  dressing  is  substituted.  In  all  cases  the 
utmost  gentleness  and  care  are  necessary  to  avoid  disturbance 
of  the  adhesions  between  the  grafts  and  the  surface  to  which 
they  have  been  applied.  Until  the  scar  becomes  consolidated, 
care  must  be  taken  to  protect  it  from  injury  or  irritation,  and 
in  the  case  of  leg  ulcers  the  patient  should  keep  off  his  feet 
as  much  as  possible  and  wear  a  supporting  bandage. 

The  new  skin  is  at  first  insensitive  and  is  fixed  to  the  under- 
lying tissue,  but  in  course  of  time  new  nerve  fibres  grow  into 
it  and  sensation  is  restored,  and  the  development  of  elastic 
tissue  in  the  deeper  part  of  the  cicatrix  renders  it  pliable  and 
movable.  . 

In  Reverdin's  method  a  portion  of  skin  is  raised  with 
the  point  of  a  needle,  and  a  piece  about  the  size  of  a  split 
pea  removed  Avith  a  razor  or  a  pair  of  scissors  curved  on  the 
flat.  The  graft,  which  consists  of  the  epidermis  _  and  the 
superficial  layers  of  the  rete  mucosum,  is  then  cut  into  frag- 
ments not  bigger  than  a  pin-head,  and  these  are  planted  over 
the  surface.  As  each  of  these  fragments  has  only  a  potential 
growth  of  about  half  an  inch  in  diameter,  it  is  advisable  to 
place  them  so  that  the  edges  of  the  adjacent  epithelial  islets 
that  form  will  touch  one  another,  and  to  plant  them  near  the 
edge  of  the  ulcer,  in  order  that  the  grafted  epithelium  may 
blend  with  that  of  the  margin  and  so  consolidate  the  cicatrix. 
Unless  this  is  done,  granulations  grow  up  between  the  islets 
and  often  destroy  them.  The  prepuce  removed  from  a  healthy 
child  by  circumcision  mav  be  used  for  Keverdin  grafting. 

The  dressing,  which  consists  of  oiled-silk  protective  covered 
with  pads  of  aseptic  gauze  and  absorbent  wool,  is  changed  m 
four  or  five  days.  Many  of  the  grafts  disappear  temporarily, 
but  reappear  in  the  course  of  a  few  days  as  thin  bluish-white 
islands  of  epithelium,  which  gradually  increase  in  size  and 
thickness.  The  after-treatment  is  the  same  as  for  Thiersch 
grafts. 

Grafts  consisting  of  the  lolwle  thickness  of  the  true  slnn,  ex- 
cluding the  subcutaneous  fat,  are.  sometimes  employed.  When 
the  grafts  arc  taken  from  the  human  subject,  they  should  be 
cut  oval  or  spindle-shaped,  to  faciHtate  the  approximation  of 
the  edges  of  the  resulting  wound.  It  is  to  be  borne  in  mind 
that  when  separated  from  the  body  these  portions  of  skm 
contract  to  about  two-thirds  of  their  original  size,  and  this 
shrinkage  must  be  allowed  for.  These  grafts  may  be  placed 
either  on  a  fresh  raw  surface  or  on  healthy  granulations 
(Young).    It  is  sometimes  an  advantage  to  stitch  them  in 
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position,  especially  on  the  face.  The  primary  dressing  and 
the  subsequent  treatment  are  the  same  as  in  Thiersch  graft- 
ing. When  successful,  this  method  yields  most  satisfactory 
results. 

Sliin-grafting  from  the  Loioer  Animals. — The  best  results- 
have  been  obtained  by  planting  the  whole  thickness  of  the 
skin  of  young  warm-blooded  animals,  such  as  puppies,  kittens,, 
or  rabbits,  on  a  fresh  raw  surface.  The  animal  is  killed 
with  chloroform,  the  anterior  abdominal  wall  and  flanks  are- 
shaved,  and  the  skin,  after  being  dissected  up  free  of  fat, 
is  cut  into  pieces  about  two  inches  by  one,  and  placed  on 
the  surface  to  be  covered  in.  The  after-treatment  is  the 
same  as  in  Thiersch  grafting.  The  hairs  and  skin  glands  are- 
not  reproduced. 

Grafting  of  Mttcous  Membrane. — Successful  attempts  have- 
been  made  to  cover  over  defects  in  mucous  membranes,  such 
as  the  conjunctiva,  the  cheek,  and  the  urethra,  by  grafts  of 
mucous  membrane  taken  from  man  or  from  the  lower  animals^ 
The  technique  is  similar  to  that  employed  in  sldn-grafting. 


CHAPTER  VII 


GANGRENE 


Definition— Clinical  types:  Dry,  il/ozsi— Clinical  varieties-Gangrene  • 
primarily  due  to  interference  with  the  circulation  :  Physieo-chemtcal 
qroup-  Embolic  gangrene;  Gangrene  following  ligation  of  arteries; 
Senile  gangrene,  atheroma  ;  Diabetic  gangrene  ;  Gangrene  from  angio- 
sclerosis;  Gangrene  from  ergot;  Raynaud's  disease;  Gangrene  after 
acute  /CTers— Gangrene  primarily  due  to  bacterial  infection  :  Acute 
traumatic  gangrene;  Malignant  cederaa;  Gancrum  oris;  Phagedena 
— Bed-sores. 

The  term  gangrene  is  used  to  indicate  the  process  by  whicli 
a  portion  of  tissue  dies  en  masse,  as  distinguished  from  the 
molecular  or  cellular  death,  which  constitutes  ulceration.  The 
•dead  portion  is  known  as  a  slough. 

Gangrene  may  occur  in  any  tissue  of  the  body,  and  portions 
of  limbs,  of  intestine,  of  lung,  penis,  or  even  of  brain  tissue, 
may  die  en  masse  and  be  thrown  oif  as  sloughs. 

In  this  chapter  we  shall  confine  our  attention  to  tbe  process 
as  it  affects  the  limbs  and  superficial  parts  of  the  body,  leaving 
gangrene  of  the  viscera  to  be  described  in  regional  surgery. 

Clinical  Types  op  Gangrene 

Two  distinct  types  of  gangrene  are  met  with  clinically,  which, 
from  their  most  obvious  point  of  difference,  are  known  as  d-nj 
and  moist  gangrene  respectively.  -i    i  f 

We  shall  have  to  study  each  of  these  types  m  detail ;  but, 
speaking  generally,  it  may  be  said  that  dry  gangrene  is  essen- 
tially due  to  a  simple  interference  with  the  blood-supply  of  a 
part  •  while  an  essential  factor  in  the  production  of  moist  gan- 
grene is  bacterial  infection. 

Several  clinical  varieties  of  each  type  are  met  with,  but 
before  describing  these  we  shall  first  study  the  fundamental 
distinctions  between  the  two  types. 

Dry  Gangrene  or  Mummification  is  a  comparatively  slow 
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form  of  local  death  resulting,  as  a  rule,  from  a  diminution  in 
the  arterial  blood-supply  of  the  aifected  part,  due  to  such 
causes  as  the  gradual  diminution  of  the  lumen  of  the  arteries 
b}-  atheroma,  or  the  blocking  of  the  main  vessel  by  an 
embolus.  The  fluids  in  the  tissues  are  lost  by  evaporation, 
and  the  part  becomes  dry  and  shrivelled. 

As  the  skin  is  usually  intact,  bacterial  infection  does  not 
take  place,  or  if  it  does,  the  want  of  moisture  in  the  part 
renders  it  an  unsuitable  soil,  and  the  organisms  do  not  readily 
find  a  footing.  Thus  the  effects  of  sepsis  are  absent,  and  anj' 
spread  of  the  process  that  may  take  place  is  chiefly  influenced 
by  the  anatomical  distribution  of  the  blocked  arteries,  and  is 
arrested  as  soon  as  it  reaches  an  area  rich  in  anastomotic  vessels. 
The  throwing  off  of  the  dead  portion  is  brought  about  by  the 
formation  of  what  is  known  as  the  line  of  demarcation  :  the 
irritation  resulting  from  the  contact  of  the  dead  with  the  still 
living  tissue  causes  hypersemia  with  dilatation  of  the  blood- 
vessels, and  infiltration  with  leucocytes  on  the  proximal  side 
of  the  junction.  Granulations  soon  sprout  from  the  living 
tissue,  and  by  slowly  eating  into  the  dead  portion  produce  a 
furrow,  which  gradually  deepens  until  the  complete  separation 
■of  the  slough  is  efi'ected.  As  the  muscles  and  bones  have  a 
richer  blood  supply  than  the  skin,  the  death  of  skin  and  sub- 
cutaneous tissues  extends  higher  than  that  of  muscles  and  bone, 
with  the  result  that  the  stump  left  after  spontaneous  separation 
is  conical,  the  end  of  the  bone  projecting  beyond  the  soft  parts. 

Clinical  Features. — The  part  undergoing  mortification  be- 
comes colder  than  normal,  the  temperature  falling  to  that  of 
the  surrounding  atmosphere.  In  many  instances,  but  not  in 
all,  the  onset  of  the  process  is  accompanied  by  severe  neuralgic 
pain  in  the  part,  probably  due  to  anaemia  of  the  nerves,  to 
neuritis,  or  to  the  irritation  of  the  exposed  axis  cylinders  by 
the  dead  and  dying  tissues  around  them.  This  pain  soon 
ceases  and  gives  place  to  a  complete  loss  of  sensation.  The 
<;lead  part  becomes  dry,  horny,  shrivelled,  and  semi-transparent 
— at  first  of  a  dark-brown,  but  finally  of  a  black  colour,  from 
the  dissemination  of  blood  pigment  throughout  the  tissues. 
There  is  no  putrefaction,  and  therefore  no  disagreeable  odour  ; 
and  tlie  condition  being  non-infective,  there  is  not  necessarily 
any  constitutional  disturbance.  In  itself,  therefore,  dry  gan- 
grene does  not  involve  immediate  risk  to  the  life  of  the  patient 
-The  danger  lies  in  the  fact  that  the  raw  surface  at  the  line  of 
<lemarcation  furnishes  a  possible  means  of  entrance  for  bacteria 
which  may  lead  to  septic  complications.  ' 
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Moist  Gangrene  is  an  acute  process,  the  dead  part  retaining 
its  fluids,  and  so  aifording  a  favourable  sod  for  the  development 
of   putrefactive  or   pyogenic   bacteria.    The   action  of  the 
organisms,  their  toxins,  and  the  inflammatory  exudates  on 
the  adjacent  tissues,  leads  to  a  rapid  and  wide  spread  of  the 
nrocess     The  formation  of  a  sulphide  of  iron  by  decompos^i- 
tion  of  the  blood  pigment  gives  to  the  tissues  a  greeniah- 
black   colour.    The   putrefactive    gases   evo  ved   cause  the 
tissues  to  become  emphysematous  and  crepitant.    The  skin 
becomes  moist  and  macerated,  and  bull^,  containing  dark- 
coloured  fluid  or  gases,  form  under  the  epidermis.  There 
is   an   oftensive   putrid   odour.     Under    certain  conditions 
the  dead  part  may  undergo  changes  resembling  more  c  osely 
those  of  ordinary  post-mortem  decomposition.    Oyi"g  its 
nature  the  spread  of  the  gangrene  is  seldom  arrested  by  the 
natural  protective  processes,  but  usually  continues,  and  the 
condition  proves  fital  from   the  absorption  of   toxins  into 

"^^^^i^ai  features  ^avy  in  the  different  yaneties  of  moist 
canarene,  but  in  all  the  local  results  of  bacterial  action,  and 
the  "usual  constitutional  disturbance  associated  with  septic 
intoxication  are  present.  The  prognosis  in  moist  gangrene  is 
alwavs  erave  in  the  extreme.  ,       ,  •  i 

Zm  what  has  been  said,  it  will  be  gathered  hat  in  dry 
gan-rene  there  is  no  urgent  call  for  operation  to  save  the 
font's  life,  the  primary  indication  ^-g  to  prev.^^^^^^^^ 
of  bacteria  to  the  dead  part,  and  especially  to  the  raw  surtace 
exposed  in  the  line  of  demarcation  I^/^^^^^^^Sf^^f/ J' 
contrary,  organisms  having  already  obtained  a  foot  ng  im 
mediate  removal  of  the  dead  and  dying  tissues,  as  a  rule,  offers 
the  only  hope  of  saving  life. 

Clinical  A^arieties  of  Gangrexe 
The  different  forms  which  gangrene  assumes  clinically  are  so 

varied  that  it  is  difficult  to  devise  a  simple  dassihcatiom    1  or. 

practical  purposes,  however,  they  may  be  ^^^'^^^^  '^^^^X- 

great  classes:  I.  Those  in  which  the  S-g^f^.^^^^  '  . 

due  to  MerferenrexoWi  the  circulation;  ^r\({  II.  Iho.c  in  Mnun 

it  is  essentially  due  to /»r((:/m'rt7  tV^rZ/Vw. 

Gangrene    essentially   due    to    Interference    with  the 

Circu?ftion.-While  the  varieties  of  gangrene 

this  group  depend  primarily  on  interference  with  the  cuci  a 
on  it  is  to  be  borne  in  mind  that  the  clinical  course  of  the 
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affection  may  be  profoundly  influenced  by  superadded  infection 
with  micro-organisms.  Although  the  bacteria  do  not  play  the 
most  important  part  in  producing  tissue  necrosis,  their  sub- 
sequent introduction  is  an  accident  of  such  importance  that  it 
may  change  the  whole  aspect  of  affairs  and  convert  a  dry  form 
of  gangrene  into  one  of  the  moist  type.  Moreover,  the  low 
state  of  vitality  of  the  tissues,  and  the  extreme  difficulty  of 
securing  and  maintaining  asepsis,  make  it  a  sequel  of  great 
frequency. 

Gangrene,  from  Physico-chemical  Causes. — When  a  localised 
portion  of  tissue — for  example  a  piece  of  skin — is  so  severely 
crushed  or  bruised  that  its  blood-vessels  are  occluded  and  its 
structure  destroyed,  it  immediately  dies,  and,  if  not  infected 
with  bacteria,  dries  up  and  forms  a  shrivelled  brown  slough, 
which  is  slowly  separated  by  the  growth  of  granulation  tissue 
beneath  and  around  it. 

Fingers,  toes,  or  even  considerable  portions  of  limbs  may  in 
the  same  way  be  suddenly  destroyed  by  severe  trauma,  and 
undergo  mummification.  If  organisms  gain  access,  typical 
moist  gangrene  may  ensue,  or  changes  similar  to  those  of 
ordinary  post-mortem  decomposition  may  take  place. 

Severe  hums  and  scalds  may  be  followed  by  the  same  results. 
So  long  as  the  parts  are  kept  absolutely  dry — as,  for  example, 
by  the  picric  acid  method  of  treatment — the  grossly  damaged 
portions  of  tissue  undergo  dry  gangrene  ;  but  when  wet'^  or 
oily  dressings  are  applied  and  organisms  gain  access,  moist 
gangrene  follows. 

Gangrene  from  Frost-hite.—lt  is  difficult  to  draw  the  line 
between  the  third  degree  of  chilblain  and  the  milder  forms  of 
true  frost-bite  ;  the  difference  is  merely  one  of  degree.  Frost- 
bite affects  chiefly  the  toes  and  fingers,— especially  the  great 
toe  and  the  little  finger,— the  ears,  and  the  nose.  In  this 
country  it  is  seldom  seen  except  in  members  of  the  tramp  class, 
who,  in  addition  to  being  exposed  to  cold  by  sleeping  in  the 
open  air,  are  ill  fed  and  generally  debilitated.  The  condition 
usually  manifests  itself  after  the  parts,  having  been  subjected 
to  extreme  cold,  are  brought  into  warm  surroundings.  The 
first  symptom  is  numbness  in  the  part,  followed  by  a  sense  of 
weight,  tingling,  and  finally  by  complete  loss  of  sensation 
Ihe  part  attacked  becomes  white  and  bleached-lookiug  feels 
icy  cold,  and  is  insensitive  to  touch.  Either  immediately '  or  it 
may  be,  not  for  several  days,  it  becomes  discoloured  and  swollen 
and  finally  contracts  and  shrivels.  Above  the  dead  area  the 
lunb  may  be  the  seat  of  excruciating  pain.    The  dead  portion 
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is  cast  off,  as  in  other  forms  of  dry  gangrene,  by  the  formation 
of  a  line  of  demarcation. 

Prophylaxis.  — The  first  essential  in  the  prophylaxis  of 
gangrene  from  frost-bite  is  to  avoid  the  too  sudden  application 
of  heat.  The  patient  should  be  placed  in  a  cold  room,  and  the 
part  rubbed  with  snow,  or  put  in  a  cold  bath,  and  have  light 
friction  applied  to  it.  As  the  cu-culation  is  restored  the 
general  surroundings  and  the  local  applications  are  gradually 
made  warmer.  Elevation  of  the  part,  wrapping  it  in  cotton 
wool,  and  removal  to  a  warmer  room,  are  then  permissible,  and 
stimulants  and  warm  drinks  may  be  given  with  caution. 
When  by  these  means  the  onset  of  gangrene  is  averted, 
recovery  ensues,  its  onset  being  indicated  by  the  white  parts 
assuming  a  livid  red  hue  and  becoming  the  seat  of  an  acute 
burning  sensation.  .  . 

Strong  chemical  agents,  such  as  caustic  potash,  nitric  or 
sulphuric  acid,  may  also  induce  local  tissue  necrosis,  the 
creneral  appearances  of  the  lesions  produced  being  very  like 
those  of  severe  burns.  The  resulting  sloughs  are  very  slow  to 
separate,  and  leave  deep  punched-out  cavities  which  are  long  of 

healing.  •    t  v,i 

Carbolic  acid,  even  in  comparatively  weak  solution,  is  liable 
to  induce  dry  gangrene  when  applied  as  a  fomentation  to  a 
finger,  especially  in  women  and  children  (Fig.  24).  Thrombosis 
occurs  in  the  blood-vessels  of  the  part,  which  at  first  is  pale  and 
soft,  but  later  becomes  dark  and  leathery.  On  account  of  the 
anfBsthetic  action  of  carbolic  acid,  the  onset  of  the  process  is 
painless,  and  the  patient  does  not  realise  his  danger.  A  line  of 
demarcation  soon  forms,  but  the  dead  part  separates  very 

slowly.  ,7     T-  7 

Gangrene  from  Mechanical  Constriction  of  the  Vessels  or 
t]ie  part.— The  application  of  a  bandage  or  plaster-of-Paris  case 
too  tightly,  or  of  a  tourniquet  for  too  long  a  time,  has  been 
known  to  lead  to  death  of  the  part  beyond ;  but  such  cases  are 
rare,  as  are  also  those  due  to  the  pressure  of  a  fractured  bone  or 
of  a  tumour  on  a  large  artery  or  vein.  When  gangrene  occurs 
from  such  causes,  it  tends  to  be  of  the  moist  type.  Much 
commoner  is  it  to  meet  with  localised  areas  of  necrosis  due  to 
the  excessive  pressure  of  splints  over  bony  prominences,  such  as 
the  external  malleolus,  the  internal  condyle  of  the  humerus  or 
"femur,  or  over  the  dorsum  of  the  foot.  This  is  especially 
liable  to  occur  when  the  nutrition  of  the  skin  is  depressed  by 
any  interference  with  its  nerve-supply,  such  as  follows  injuries 
to  the  spine  or  peripheral  nerves,  diseases  of  the  brain,  or 
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acute  anterior  poliomyelitis.  On  removing  the  splint  the  part 
pressed  upon  is  found  to  be  of  a  pale  yellow  or  grey  colour,  and 
is  surrounded  by  a  ring  of  hyperaemic  or  congested  skin.  If 
purified  and  protected  from  septic  infection,  the  clinical  course 
is  that  of  dry  gangrene. 

Closely  allied  to  this  is  the  hed-sore,  in  Avhich  necrosis  of  the 
skin  and  soft  parts  takes  place.  Bed-sores  will  be  described  at 
the  end  of  this  chapter. 

Treatment. — The  first  indication  in  the  treatment  of  the 
above  varieties  of  gangrene  is  the  exclusion  of  bacteria  by 
thorough  purification  of  the  damaged  part  and  its  surroundings, 
and  the  application  of  dry,  non-irritating  antiseptic  dressings. 


Fig.  24.— Carbolic  Gangrene.    Girl  rnt.  22.    Carbolic  compress  (1  in  60) 
applied  overnight.    Finger  gangrenous  in  the  morning. 

When  these  measures  are  successful,  dry  gangrene  ensues. 
The  raw  surface  left  after  the  separation  of  a  slough  of  the  skin 
may  be  allowed  to  heal  by  granulation,  or  may  be  covered  by 
Thiersch  skin-grafts.  In  the  case  of  fingers  or  limbs  it  is  not 
necessary  to  wait  until  spontaneous  separation  takes  place,  as 
this  is  often  a  very  slow  and  tedious  process.  When  a 
well-marked  line  of  demarcation  has  formed,  amputation  may 
be  performed  just  sufficiently  far  above  it  to  enable  suitable 
flaps  to  be  made. 

The  ends  of  stump.s,  after  spontaneous  separation  of  the 
gangrenous  portion,  require  to  be  trimmed,  sufficient  bone  being 
removed  to  permit  of  the  soft  parts  coming  together. 
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If  moist  gangrene  supervenes,  amputation  must  be  performed 
without  delay,  and  at  a  liigher  level. 

Embolic  Gangrene  (Fig.  2.5).— When  the  main  artery  of  a 
part  is  suddenly  occluded,  whether  by  the  impaction  of  an 
embolus  or  the  formation  of  a  thrombus  in  its  lumen,  unless 
the  collateral  circulation  is  sufficiently  free  to  maintain  the 
vitality  of  the  tissues,  gangrene  results. 

There  is  sudden  pain  at  the  site  of  impaction  of  the  embolus, 
and  the  pulses  beyond  are  lost.  The  limb  becomes  cold, 
numb,  insensitive,  and  powerless.  It  is  often  pale  at  first 
—hence  the  term  "white  gangrene"  sometimes  applied  to 
the  early  appearances,  which  closely  resemble  those  presented 
by  the  limb  of  a  corpse. 


Fig.  25.— Embolic  Gangrene  of  Hand  and  Forearm. 
(From  a  photograph  lent  by  Sir  George  T.  Beatson.) 

If  the  part  is  aseptic  it  becomes  shrivelled,  and  presents  the 
ordinary  features  of  dry  gangrene.  It  is  very  liable,  however, 
especially  in  the  lower  extremity  and  where  the  veins  also  are 
obstructed,  to  become  infected  and  to  assume  the  characters  ot 

the  moist  type.  i  j  j    f  > 

The  ahdominal  aorta  may  become  suddenly  occluded  at  its 
bifurcation  by  an  embolus,  the  obstruction  of  the  iliacs  and 
femorals  inducing  symmetrical  gangrene  of  both  extremities  as 
high  as  Poupart's  ligament.  When  gangrene  follows  occlusion 
of  the  external  iliac,  or  of  the  common  femoral  artery,  the  tleatli 
of  the  limb  extends  as  high  as  the  middle  or  upper  third  ot  the 
thi"h.  When  the  superficial  femoral  or  popliteal  artery  i? 
obstructed,  the  veins   remaining    pervious,  the  anastonio.^^is 
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through  the  profunda  is  sufficient  to  maintain  the  vascular 
supply,  and  gangrene  does  not  necessarily  follow.  The  rupture 
of  a  popliteal  aneurysm,  however,  by  compressing  the  vein  and 
the  articular  vessels,  usually  determines  gangrene.  When 
an  embolus  becomes  impacted  at  the  bifurcation  of  the 
popliteal,  if  gangrene  ensues  it  usually  spreads  well  up  the 
leg. 

When  the  axillary  artery  is  the  seat  of  embolic  impaction, 
and  gangrene  ensues,  the  process  usually  reaches  the  middle  of 
the  upper  arm.  Gangrene  following  blocking  of  the  brachial 
at  its  bifurcation  usually  extends  as  far  as  the  junction  of  the 
middle  and  lower  thirds  of  the  forearm  (Fig.  25). 

Treatment. — The  general  treatment  of  embolic  gangrene  is 
the  same  as  that  for  the  senile  form,  which  will  be  described 
below.  It  has  been  suggested  to  open  the  artery  and  remove 
the  embolus.  When  amputation  is  indicated,  it  must  be  per- 
formed sufficiently  high  to  ensure  a  free  vascular  supply  to  the 
flaps. 

Gangrene  following  Ligation  of  Arteries. — After  the 
ligation  .of  an  artery  in  its  continuity — for  example,  in  the 
treatment  of  aneurysm — the  limb  may  for  some  days  remain  in 
a  condition  verging  on  gangrene,  the  distal  parts  being  cold, 
■devoid  of  sensation,  and  powerless.  As  the  collateral  circula- 
tion is  established,  the  vitality  of  the  tissues  is  gradually 
restored  and  these  symptoms  pass  off.  In  some  cases,  however, 
— and  especially  in  the  lower  extremity, — gangrene  ensues  and 
presents  the  same  characters  as  that  resulting  from  embolism. 
It  tends  to  be  of  the  dry  type.  The  risk  of  gangrene  is 
generally  believed  to  be  increased  if  the  vein  is  occluded  as 
well  as  the  artery.  In  the  light  of  cases  we  have  observed,  in 
which  both  artery  and  vein  were  ligated  without  gangrene 
supervening,  we  are  inclined  to  believe  that  undue  importance 
has  been  attached  to  this  factor. 

Senile  Gangrene. — Senile  gangrene  is  the  commonest 
example  of  local  death,  produced  by  a  (jradual  diminution  in 
the  quantity  of  arterial  blood  passing  through  the  parts,  as  a 
residt  of  atheroma  or  other  chronic  disease  of  the  A'essels 
leading  to  diminution  of  their  calibre.  It  is  the  most  typical 
example  of  the  dry  type  of  gangrene.  As  the  term  indicates, 
it  occurs  in  old  persons ;  but  the  patient's  age  is  to  be  reckoned 
by  the  condition  of  his  arteries  rather  than  by  the  number  of 
his  years.  Thus  the  vessels  of  a  comparatively  young  man 
who  has  suffered  from  syphilis  and  been  addicted  to  alcohol 
are  more  liable  to  atheromatous  degeneration  leading  to  this 
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form  of  gangrene  than  are  those  of  a  much  older  man  wlio  has 
lived  a  regular  and  abstemious  life.  This  form  of  gangrene  is 
much  more  common  in  men  than  in  women.  While  it  usually 
attacks  only  one  foot,  it  is  not  uncommon  for  the  other  foot  to 
be  affected  after  an  interval,  and  in  some  cases  it  is  bilateral 
from  the  outset.    It  must  clearly  be  understood  that  any  form 


Fig.  26.— Senile  Gangrene  of  both  Feet,  showing  line  of  demarcation. 

of  gangrene  may  occur  in  old  persons,  the  term  senile  being 
here  restricted  to  that  variety  which  results  from  atheroma. 

Clinical  Features. — The  commonest  seat  of  the  disease  is  in 
the  toes,  especially  the  great  toe,  whence  it  spreads  up  the  foot 
to  the  heel,  or  even  to  the  leg.  Although  not  necessarily 
traumatic  in  origin,  there  is  often  a  history  of  some  slight 
injury  preceding  its  onset.  The  vitality  of  the  tissues  is  so 
low  that  the  balance  between  life  and  death  may  be  turned  by 
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the  most  trivial  injury,  sucii  as  a  cut  while  paring  a  toe-nail  or 
a  corn,  a  blister  caused  by  an  ill-fitting  shoe  or  the  contact  of 
a  hot-bottle.  In  some  cases  the  actual  gangrene  is  determined 
by  thrombosis  of  the  popliteal  or  tibial  arteries,  which  are 
alreadj'  narrowed  by  atheroma. 

It  is  common  to  find  that  the  patient  has  been  troubled  for* 
a  long  time  before  the  onset  of  definite  signs  of  gangrene, 
with  cold  feet,  with  tingling  and  loss  of  feeling,  or  a  peculiar 
sensation  as  if  walking  on  cotton  avooI. 

The  first  evidence  of  the  death  of  the  part  varies  in  different 
cases.  Sometimes  a  dark-blue  spot  appears  on  the  inner  side 
of  the  great  toe  and  gradually  increases  in  size ;  or  a  blister 
containing  blood-stained  fluid  may  form.  Streaks  or  patches 
of  dark-blue  mottling  appear  higher  up  on  the  foot  or  leg.  In 
other  cases  a  small  sore  surrounded  by  a  congested  areola 
forms  in  relation  to  the  nail  and  refuses  to  heal.  Such  sore 
toes  in  old  persons  are  always  to  be  looked  upon  with  suspicion 
and  treated  with  the  greatest  care ;  and  the  urine  should  be 
examined  for  sugar.  There  is  often  severe,  deep-seated  pain 
of  a  neuralgic  character,  with  cramps  in  the  limb,  and  these 
may  persist  long  after  a  line  of  demarcation  has  formed,  or 
even  after  the  slough  has  separated.  The  dying  part  loses 
sensibility  to  touch  and  becomes  cold  and  shrivelled. 

All  the  physical  appearances  and  clinical  symptoms 
associated  with  dry  gangrene  supervene,  and  the  dead  portion 
is  delimited  by  a  line  of  demarcation.  If  this  forms  slowly 
and  irregularly  it  indicates  a  very  unsatisfactory  condition  of 
the  circulation ;  while,  if  it  forms  quickly  and  decidedly,  the 
presumption  is  that  the  circulation  in  the  parts  above  is  fairly 
good.  The  separation  of  the  dead  part  is  always  attended  with 
the  risk  of  septic  infection  taking  place,  and  should  this  occur, 
the  temperature  rises  and  other  evidences  of  septic  absorption 
appear. 

Prophylaxis. — The  toes  and  feet  of  old  people,  the  condition 
of  whose  circulation  predisposes  them  to  gangrene,  should  be 
specially  protected  from  slight  injuries  such  as  may  be  received 
while  paring  nails,  cutting  corns,  or  wearing  ill-fitting  boots. 
The  patient  should  also  be  warned  of  the  risk  of  exposure  to 
cold,  the  use  of  hot-bottles,  and  of  placing  the  feet  near  a  strong 
fire. 

7'reaiment. — When  there  is  evidence  that  gangrene  has 
begun,  the  first  indication  is  to  prevent  septic  infection  by 
thoroughly  purifying  the  part,  and  after  careful  drying  to  wrap 
it  m  a  thick  layer. of  absorbent  and  antiseptic  wool,  retained  i» 
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place  by  a  loosely  applied  bandage.  A  slight  degree  of  eleva- 
tion of  the  limb  is  an  advantage,  but  it  must  not  be  sufficient 
to  diminish  the  amount  of  blood  entering  the  part.  Hot- 
bottles  are  to  be  used  with  the  utmost  caution.  As  absolute 
dryness  is  essential,  all  ointments  or  other  oily  or  greasy 
dressings  are  to  be  avoided,  as  they  tend  to  prevent  evapora- 
tion from  the  skin  surface.  Opium  should  be  given  freely  to 
alleviate  pain.  Excessive  stimulation  is  to  be  avoided,  and 
the  patient  should  be  carefully  dieted. 

When  gangrene  is  threatened,  but  has  not  actually  taken 
place,  it  may  sometimes  be  averted  by  establishing  an  anasto- 
mosis between  the  main  artery  of  supply  and  its  accompanymg 
vein,  so  that  the  comparatively  wide  and  dilatable  vein  is 
utilised  to  convey  arterial  blood  to  the  imperfectly  nourished 
{^xQd.—arterio-venous  anastovtosis  or  reversal  of  ilie  circulation. 
■The  femoral  vessels,  for  example,  are  exposed  at  the  apex  of 
Scarpa's  triangle  or  in  Hunter's  canal,  and  after  being  individu- 
ally secured  between  clamps,  are  cut  across.  The  distal  end  of 
the  artery  and  the  proximal  end  of  the  vein  having  been 
ligated,  the  proximal  end  of  the  artery  and  the  distal  end  of 
the  vein  are  united  by  end-to-end  suture. 

When  the  gangrene  is  limited  to  the  toes  in  old  and  feeble 
patients,  some  surgeons  advocate  the  expectant  method  of 
treatment,  waiting  for  a  line  of  demarcation  to  form  and 
allowing  the  dead  part  to  be  separated.  This  takes  place  so 
slowly,  however,  that  it  necessitates  the  patient  being  laid  up 
for  many  weeks,  or  even  months;  and  we  agree  with  the 
majority  in  advising  early  amputation. 

In  this  connection  it  is  worthy  of  note  that  there  are  certain 
points  at  which  gangrene  naturally  tends  to  become  arrested— 
namely,  at  the  highly  vascular  areas  in  the  neighbourhood  of 
joints.  Thus  gangrene  of  the  great  toe  often  stops  when  it 
reaches  the  metatarso-phalangeal  joint;  or  if  it  trespasses  this 
limit  it  may  be  arrested  either  at  the  tarso-metatarsal  or  at  the 
ankle  joint.  If  these  be  passed,  it  usually  spreads  up  the  leg  to 
just  below  the  knee  before  signs  of  arrestment  appear.  Inirther, 
\i  is  seen  from  pathological  specimens  that  the  spread  is  greater 
on  the  dorsal  than  on  the  plantar  aspect,  and  that  the  death  of 
skin  and  subcutaneous  tissues  extends  higher  than  that  of  bone 

and  muscle.  . 

These  facts  furnish  us  with  valuable  indications  as  to  the 
seat  and  method  of  amputation.  Experience  has  proved  that 
in  senile  gangrene  of  the  lower  extremity  the  most  reliable 
and  satisfactory  results  are  obtained  by  amputating  m  the 
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legion  of  the  knee,  care  being  taken  to  perform  the  ojieration 
so  as  to  leave  the  prepatellar  anastomosis  intact  by  retaining 
the  patella  in  the  anterior  flap.  The  operations  we  have  found 
most  satisfactory  in  these  cases  are:  disarticulation  at  the 
knee  by  means  of  a  circular  incision  carried  round  the  limb, 
.about  three  inches  below  the  tubercle  of  the  tibia,  the  joint 
being  fully  extended  (A.  G.  Miller) ;  and  Gritti's  supra-condylar 
amputation.  Htemorrhage  is  easily  controlled  by  digital 
pressure,  and  the  use  of  a  tourniquet  should  be  dispensed  with, 
as  the  constriction  of  the  limb  is  liable  to  interfere  with  the 
vitality  of  the  flaps. 

When  the  tibial  vessels  can  be  felt  pulsating  at  the  ankle 
it  may  be  justifiable,  if  the  patient  urgently  desires  it,  to 
amputate  lower  than  the  knee ;  but  there  is  considerable  risk 
of  gangrene  recurring  in  the  stump  and  necessitating  a  second 
operation. 

That  amputation  for  senile  gangrene  performed  between  the 
ankle  and  the  knee  seldom  succeeds,  is  explained  by  the  fact 
that  the  vascular  obstruction  is  usually  in  the  upper  part  of  the 
posterior  tibial  artery,  and  the  operation  is  therefore  performed 
through  .tissues  with  an  inadequate  blood-supply.  It  is  not 
uncommon,  indeed,  on  amputating  above  the  knee,  to  find  even 
the  popliteal  artery  plugged  by  a  clot.  This  should  be  removed 
by  squeezing  the  vessel  from  above  downward  by  a  "milking" 
movement,  or  by  "  catheterising  the  artery  "  with  the  aid  of  a 
cannula  with  a  terminal  aperture. 

It  is  to  be  borne  in  mind  that  the  object  in  amputating 
in  these  cases  is  merely  to  remove  the  gangrenous  part,  and  so 
to  relieve  the  patient  of  the  discomfort  and  the  risks  from 
sepsis  which  its  presence  involves.  While  it  is  true  that,  in 
spite  of  the  feeble  condition  of  many  of  these  patients,  the 
operation  is  borne  remarkably  well,  provided  it  is  done  early 
and  before  the  patient  is  worn  out  by  pain  and  want  of  sleep, 
it  is  necessary  to  bear  in  mind  that  those  who  sufter  from 
senile  gangrene  are  of  necessity  bad  lives,  and  a  guarded 
opinion  should  be  expressed  as  to  the  period  during  which 
the  patient  will  survive  the  operation.  The  risk  of  the  disease 
developing  in  the  other  limb  has  already  been  referred  to. 

Diabetic  Gangrene. — This  form  of  gangrene  is  prone  to 
occur  in  persons  over  fifty  years  of  age  who  sufler  from  diabetes 
mellitus.  The  vessels  of  these  patients  are  often  markedly 
atheromatous.  In  some  cases  the  existence  of  the  diabetes  is 
unsuspected  before  the  onset  of  the  gangrene,  and  it  is  only 
on  examining  the  urine  that  the  cause  of  the  condition  is 
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discovered  (Fig.  27).  The  gangrenous  process  seldom  begins 
as  suddenly  as  that  associated  with  embolism,  and,  like  senile 
gangrene,  which  it  may  closely  simulate  in  its  early  stages,  it 
notlnfrequently  begins  after  a  slight  injury  to  one  of  the  toes. 
It  but  rarely,  however,  assumes  the  dry,  shrivelling  type,  as  a 
rule  being  attended  with  swelling,  oedema,  and  dusky  redness 
of  the  foot,  and  severe  pain.  According  to  Sir  J amcs  Paget, 
the  dead  part  remains  warm  longer  than  in  other  forms  of  senile 
gangrene;  there  is  a  greater  tendency  for  patches  of  skin  at 
some  distance  from  the  primary  seat  of  disease  to  become 
gangrenous,  and  for  the  death  of  tissue  to  extend  upwards  in 
the°subcutaneous  planes,  leaving  the  overlying  skin  unaffected. 

The  low  vitality  of  the  tissues 
favours  the  growth  of  bacteria,  and 
if  these  gain  access,  the  gangrene 
assumes  the  characters  of  the  moist 
type  and  spreads  rapidly.  There 
is  usually  a  peculiarly  offensive  odour 
about  the  patient,  ^vhich  differs 
from  that  of  other  forms  of  moist 
gangrene. 

The  rules  for  amputation  are  the 
same  as  those  governing  the  treat- 
ment of  senile  gangrene,  the  level 
at  which  the  limb  is  removed  de- 
pending upon  whether  the  gangrene 
is  of  the  dry  or  moist  type.  The 
general  treatment  for  diabetes  must, 
of  course,  be  employed  whether 
amputation  is  performed  or  not. 
Paget  recommended  that  the  dietetic  treatment  should  not  be 
so  rigid  as  in  uncomplicated  diabetes,  and  that  opium  should 
be  given  freely. 

The  prognosis  even  after  amputation  is  usually  unfavourable. 
In  many  cases  the  patient  dies  with  symptoms  of  diabetic  coma 
within  a  few  days  of  the  operation;  or,  if  he  survives  the 
operation,  he  may  eventually  succumb  to  the  diabetes.  In 
others  there  is  sloughing  of  the  flaps  and  death  results  from 
toxtemia.  Occasionally  the  other  limb  becomes  gangrenous. 
On  the  other  hand,  the  glycosuria  may  be  diminished  or  may 
even  disappear  after  amputation. 

Anglo-sclerotic  Gangrene.— A  form  of  gangrene  is  occasion- 
ally met  with  in  robust  young  persons,  even  in  children,  due 
to  angio-sderosis,  with  narrowing  and  thrombosis  of  the  maui 


Fig.  27.— Diabetic  Gaugrene. 
Glycosuria  unsuspected  till 
gaugrene  developed. 
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arteries  as  well  as  of  the  smaller  veins.  It  usually  occurs  in 
the  feet,  is  exceedingly  painful,  and  runs  a  slow,  tedious 
course ;  it  generally  calls  for  amputation. 

Gangrene  from  Ergot. — C4angrene  may  occur  from  inter- 
ference with  blood-supply,  the  result  of  tetanic  contraction  of 
the  minute  vessels,  such  as  results  in  ill-nourished  persons  who 
eat  large  quantities  of  coarse  rye  bread  contaminated  with  the 
daviceps  -purpurea  and  containing  the  ergot  of  rye.  It  has 
also  occurred  in  the  fingers  of  patients  who  have  taken  ergot 
medicinally  over  long  periods.  The  gangrene,  which  attacks  the 
toes,  fingers,  ears,  or  nose,  is  preceded  by  formication,  numbness, 
and  pains  in  the  parts  to  be  affected,  and  is  of  the  dry  variety. 

In  this  country  it  is  usually  met  with  in  sailors  off  foreign 
ships,  whose  dietary  largely  consists  of  rye  bread.  Trivial 
injuries  may  be  the  starting-point,  the  anaesthesia  produced  by 
the  ergotin  preventing  the  patient  taking  notice  of  them. 
Alcoholism  is  a  potent  predisposing  cause. 

As  it  is  impossible  to  predict  how  far  the  process  will  spread, 
it  is  advisable  to  wait  for  the  formation  of  a  line  of  demarcation 
before  operating,  and  then  to  amputate  immediately  above  the 
disease. 

Raynaud's  Disease,  or  Symmetrical  Gangrene,  is  supposed  to 
be  due  to  spasm  of  the  arterioles,  resulting  from  peripheral 
neuritis.  It  occurs  oftenest  in  women,  between  the  ages  of 
eighteen  and  thirty,  who  are  the  subjects  of  uterine  disorders, 
anaemia,  or  chlorosis.  Cold  may  be  a  predisposing  factor,  as 
the  disease  is  commonest  during  the  winter  months.  The 
digits  of  both  hands  or  the 'toes  of  both  feet  are  simultaneously 
attacked,  and  the  disease  seldom  spreads  beyond  the  phalanges 
or  deeper  than  the  .skin. 

The  first  evidence  is  tliat  the  fingers  become  cold,  white, 
insensitive  to  touch  and  pain.  These  attacks  of  local  syncope, 
recur  at  varying  intervals  for  months  or  even  years.  They  last 
for  a  few  minutes  or  even  for  some  hours,  and  as  they  pass  off 
the  parts  become  hypereemic  and  painful. 

A  more  advanced  stage  of  the  disease  is  known  as  local 
asriliyxia.  The  circulation  through  the  fingers  becomes  exceed- 
ingly sluggish,  and  the  parts  assume  a  dull,  livid  hue.  There 
is  swelling  and  burning  or  shooting  pain.  This  may  pass  off 
in  a  few  days,  or  may  increase  in  severity,  witli  the  formation 
of  bulla;,  and  end  in  dry  gangrene.  As  a  rule  the  slough  wliich 
forms  is  comparatively  small  and  superficial,  but  it  may  take 
some  months  to  separate.  The  condition  tends  to  recur  in 
successive  winters. 
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The  treatment  consists  in  remedying  any  nervous  or  uterine 
disorder  that  may  be  present,  keeping  the  parts  warm  by 
wrapping  them  in  cotton  wool,  and  in  the  use  of  hot-air  or 
electric  baths,  the  parts  being  immersed  in  water  through  which 
a  constant  current  is  passed.  AVhen  gangrene  occurs,  it  is 
treated  on  the  same  lines  as  other  forms  of  dry  gangrene,  but  . 
if  amputation  is  called  for  it  is  only  with  a  view  to  removing 
the  dead  part. 

Gangrene  occurring  after  Specific  Infectious  Diseases. — 

Gangrene  is  sometimes  met  with  in  patients  recovering  from 
typhus,  typhoid,  or  other  fevers,  such  as  that  associated  with 
child-bed.  It  is  due  to  thrombosis  or  embolism,  and  occurs 
in  peripheral  parts,  such  as  the  toes,  fingers,  nose,  or  ears. 

Bacterial  Varieties  of  Gangrene. 

Gangrene  primarily  due  to  infection  with  bacteria  is  of  the 
moist  type,  and  tends  to  spread  rapidly  and  to  end  fatally. 

Acute  Infective  Gangrene  usually  follows  trivial  injuries, 
such  as  a  pin-prick  or  a  scratch.  On  the  other  hand,  it  may 
ensue  very  early  on  such  severe  injuries  as  result  from  rail- 
way, machinery,  or  street  accidents,  where,  in  addition  to  the 
extensive  laceration  and  bruising  of  tissues,  including  vessels 
and  nerves,  there  is  gross  dirt  ground  into  the  wounds.  Some 
virulent  pyogenic  organism  is  introduced,  and  th^e  highly 
poisonous  toxins  not  only  lead  to  serious  constitutional  dis- 
turbances, but  by  their  local  irritant  action  determine  a  rapidly 
spreading  gangrenous  process. 

Clinical  Features.— Oiten  within  a  few  hours  of  the  mjury 
the  whole  part  rapidly  becomes  painful,  swollen,  oedematous, 
and  tense.  The  skin  is  at  first  glazed,  and  perhaps  paler  than 
normal,  but  soon  assumes  a  dull  red  or  purplish  hue,  and  bullae 
form  on  the  surface.  Putrefactive  gases  may  be  evolved  in  the 
tissues,  and  their  presence  is  indicated  by  emphysematous 
crackling  when  the  part  is  handled.  The  spread  of  the  disease 
is  so  rapid  that  its  progress  is  quite  visible  from  hour  to  hour, 
and  may  be  traced  by  the  occurrence  of  red  lines  along  the 
course  of  the  lymphatics  of  the  limb. 

In  the  most' acute  cases  the  death  of  the  atlected  part  takes 
place  so  rapidly  that  the  local  changes  indicative  of  gangrene 
have  not  time  to  occur,  and  the  fact  that  the  part  is  dead  may 
be  overlooked. 

Rigors  may  occur,  but  the  temperature  is  not  necessarily 
i-aised — indeed  it  is  sometimes  subnormal.    The  pulse  is  small, 
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feeble,  rapid,  and  irregular.  Unless  promptly  treated  by 
amputation,  death  usually  follows  within  thirty-six  or  forty- 
ei^ht  hours.  Even  early  operation  does  not  always  avert  the 
fatal  issue,  because  the  quantity  of  toxin  absorbed  and  its 
extreme  virulence  are  often  more  than  even  a  robust  subject 
can  outlive. 

Prophylaxis. — Every  effort  must  be  made  to  purify  all  such 
wounds  as  are  contaminated  by  earth,  street  dust,  stable  refuse^ 
or  other  forms  of  gross  dirt.  The  scissors  should  be  freely 
used  to  remove  badly  bruised  or  torn  tissue,  and  no  attempt 
should  be  made  to  close  the  wound  by  stitches.  Eather  should 
it  be  kept  open  with  drainage-tubes  or  iodoform  gauze  or 
worsted  inserted  into  its  corners  and  crevices  to  ensure  free 
drainage.  As  the  organisms  associated  with  this  condition 
are  mostly  anaerobic,  the  use  of  peroxide  of  hydrogen  is  in- 
dicated for  cleansing  the  wound. 

Treatment. — When  acute  gangrene  has  set  in  no  treatment 
short  of  amputation  is  of  any  avail,  and  the  sooner  this  is  done 
the  greater  is  the  hope  of  saving  the  patient.  The  limb  must 
be  amputated  well  beyond  the  apparent  limits  of  the  gan- 
grenous area,  and  stringent  precautions  must  be  taken  to  avoid 
discharge  from  the  already  gangrenous  area  reaching  the 
operation  wound.  An  assistant  or  nurse,  who  is  to  take  no 
other  part  in  the  operation,  is  told  off  to  carry  out  this  pre- 
liminary purification;  to  wrap  the  part  to  be  removed  in 
carbolised  towels;  and  to  hold  the  limb  during  the  operation. 

Malignant  (Edema. — This  form  of  acute  spreading  gangrene 
has  been  shown  to  be  due  to  a  specific  organism,  the  hacilhis 
of  malignant  oedema,  which  is  found  in  garden  soil,  dung,  and 
various  putrefying  animal  substances.  It  is  anaerobic,  and 
occurs  as  long,  thick  rods  with  somewhat  rounded  ends  and 
several  laterally  placed  flagella.  Spores,  which  have  a  very  high 
power  of  resistance,  form  in  the  centre  of  the  rods,  and  bulge 
out  the  sides  so  as  to  give  the  organisms  a  spindle-shaped  out- 
line. Other  pathogenic  organisms  are  often  present  and  aid 
the  specific  bacillus  in  its  action. 

Clinical  Features. — The  disease  has  been  defined  as  "a 
sjjreadiiig  inflammatory  oedema  attended  with  emphysema,  and 
ultimately  followed  by  gangrene  of  the  skin  and  subjacent 
parts."  At  the  bedside  it  is  difiicult,  if  not  impossible,  to 
distinguish  it  from  acute  infective  gangrene.  Both  follow  on 
the  .same  kinds  of  injury  and  run  an  exceedingly  rapid  course. 
In  malignant  oedema,  however,  the  incidence  of  the  disease  is 
mainly  on  the  superficial  parts,  which  become  livid,  oedematous, 
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and  emphysematous,  and  soon  die.  Bullae  form  on  the  skin, 
and  the  tissues  have  "  a  peculiar  heavy  but  not  putrid  odour." 
The  general  constitutional  elfects  of  the  disease  are  extremely 
severe,  and  death  may  ensue  within  a  few  hours. 

The  treatment  is  the  same  as  that  of  acute  infective  gangrene, 
and  the  prognosis  is  even  less  hopeful. 

Cancrum  Oris  or  Noma. — This  disease  is  believed  to  be  due 
to  a  specific  bacillus,  which  occurs  in  long  delicate  rods,  and  is 
chiefly  found  at  the  margin  of  the  gangrenous  area.  It  is 
most  prone  to  attack  unhealthy  children  from  two  to  five  years 
of  age,  especially  during  their  convalescence  from  such  diseases 

as  measles,  scarlet  fever, 
or  typhoid,  but  may  attack 
adults  when  they  are  de- 
bilitated. It  is  most  com- 
mon in  the  mouth,  but 
sometimes  occurs  on  the 
vulva.  In  the  mouth  it 
begins  as  an  ulcerative 
stomatitis,  more  especially 
affecting  the  gums  or 
inner  aspect  of  the  cheek. 
The  child  lies  prostrated, 
and  from  the  open  mouth 
foul-smelling  saliva, 
streaked  with  blood, 
escapes ;  the  face  is  of 
an  ashy-grey  colour,  the 
lips  dark  and  swollen. 
On  the  inner  aspect  of 
the  cheek  is  a  deeply 
ulcerated  surface,  with 
sloughy  shreds  of  dark- 
brown  or  black  tissue  covering  its  base ;  the  edges  are  irregular, 
firm,  and  swollen,  and  the  surrounding  mucous  membrane  is 
infiltrated  and  oedematous.  In  the  course  of  a  few  hours  a 
dark  spot  appears  on  the  outer  aspect  of  the  cheek,  and  rapidly 
increases  in  size ;  towards  the  centre  it  is  black,  shading  off 
througli  blue  and  grey  into  a  dark-red  area  which  extends 
over  the  cheek  (Fig.  28).  The  tissue  implicated  is  at  first 
firm  and  indurated,  but  as  it  loses  its  vitality  it  becomes 
doughy  and  sodden.  Finally  a  slough  forms,  perforating  the 
cheek. 

Meanwhile  the  process  spreads  inside  the  mouth,  and  the 


Fig.  28. — Caucrum  oris. 

(From  a  photograph  lent  by  Sir  George  T. 
Beatson.) 
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gums,  the  floor  of  the  mouth,  or  even  the  jaws,  may  become 
gangrenous  and  the  teeth  fall  out.  The  constitutional  dis- 
turbance is  severe,  the  temperature  raised,  and  the  pulse  feeble 
and  rapid. 

The  extremely  foetid  odour  which  pervades  the  room  or  even 
the  house  the  patient  occupies,  is  usually  sufficient  to  suggest 
the  diagnosis  of  cancrum  oris.  The  odour  must  not  be  mis- 
taken for  that  due  to  decomposition  of  sordes  on  the  teeth  and 
gums  of  a  debilitated  patient. 

The  prognosis  is  always  grave  in  the  extreme,  the  main  risks 
being  general  toxfemia  and  septic  pneumonia.  When  recovery 
takes  place  there  is  serious  deformity,  and  considerable  portions 
of  the  jaws  may  be  lost  by  necrosis. 

Treatment. — The  only  satisfactory  treatment  is  the  thorough 
removal  under  an  antesthetic  of  all  the  sloughy  tissue,  with  the 
surrounding  zone  in  which  the  organisms  are  active.  This  is 
most  efficiently  accomplished  by  the  knife  or  scissors,  cutting 
until  the  tissue  bleeds  freely,  after  which  the  raw  surface  is 
painted  with  undiluted  carbolic  acid  and  dressed  with  iodoform 
gauze.  It  is  often  necessary  to  remove  large  pieces  of  bone 
when  the  necrotic  process  has  implicated  the  jaws.  The  mouth 
must  be  constantly  sprayed  with  peroxide  of  hydrogen,  and 
washed  out  with  a  disinfectant  and  deodorant  lotion,  such  as 
Condy's  fluid.  The  patient's  general  condition  calls  for  free 
stimulation. 

The  deformity  resulting  from  these  necessarily  heroic 
measures  is  often  not  ■  so  great  as  might  be  expected,  and 
can  be  further  diminished  by  plastic  operations,  which 
should  be  undertaken  before  cicatricial  contraction  has  taken 
place. 

Phagedsena,  Hospital  Gangrene,  and  Diphtheritic  Gangrene. 

—Fortunately,  little  need  be  said  regarding  these  conditions. 
They  are  chiefly  of  historical  interest  as  having  constituted  at 
one  time  the  scourge  of  surgical  wards,  and  as  having  been  the 
first  diseases  to  disappear  after  the  introduction  of  antiseptic 
surgery. 

Bed-Sores 

Bed-sores  are  most  frequently  met  with  in  old  and  debilitated 
patients,  or  in  those  whose  tissues  are  devitalised  by  acute  or 
chronic  diseases  associated  with  stagnation  of  blood  in  the 
peripheral  veins.  Any  interference  with  the  nerve-supiily  of 
the  skin,  whether  from  injury  or  disease  of  the  central  nervous 
system  or  of  the  peripheral  nerves,  strongly  predisposes  to  the 
VOL.  I.  —  8 
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formation  of  bed-sores.  Prolonged  and  excessive  pressure  over 
a  bony  prominence,  especially  if  the  parts  be  moist  with  skm 
secretions,  urine,  or  wound  discharges,  determines  the  forma- 
tion of  a  sore.  Excoriations,  which  may  develop  into  true 
bed-sores,  sometimes  form  where  two  skin  surfaces  remain 
constantly  apposed,  as  in  the  region  of  the  scrotum  or  labium 
under  pendulous  mammae,  or  between  fingers  or  toes  confined 

in  a  splint.  . 

Clinical  Features.— T^o  clinical  varieties  .are  met  with— tlie 
acute  and  the  chronic  bed-sore. 

The  acute  bed-sore  usually  occurs  over  the  sacrum  or 
buttock.  It  comes  on  very  rapidly  after  spinal  injuries  and 
in  the  course  of  certain  brain  diseases.  The  part  affected 
becomes  red  and  congested,  while  the  surrounding  parts  are 
oedematous  and  swollen,  blisters  form,  and  the  skm  loses  its 

vitality.  n  i    •  i- 

In  advanced  cases  of  general  paralysis  of  the  insane,  a  peculiar 
form  of  acute  bed-sore  beginning  as  blisters,  and  passing  on  to  the 
formation  of  black,  dry  eschars,  which  slowly  separate,  frequently 
occurs  on  such  parts  as  the  inner  side  of  the  knee,  the  angle  of 
the  scapula,  and  the  heel. 

The  chronic  bed-sore  (Fig.  29)  begins  as  a  dusky  reddish 
purple  patch,  which  gradually  becomes  darker  till  it  is  almost 
black.  The  parts  around  are  oedematous,  and  blisters  may  form. 
These  burst  and  expose  the  papillce  of  the  skin,  which  are  of  a 
greenish  hue.  A  tough  greyish-black  slough  forms,  and  is  slowly 
separated.  It  is  not  uncommon  for  the  gangrenous  area  to  con- 
tinue to  spread  both  in  width  and  in  depth  till  it  reaches  the 
periosteum  or  bone.  Bed-sores  over  the  sacrum  sometimes 
implicate  the  spinal  canal  and  lead  to  septic  spmal  meningitis, 
which  usually  proves  fatal. 

In  old  and  debilitated  patients  the  septic  absorption  taking 
place  from  a  bed-sore  often  proves  a  serious  complication  of 
other  surgical  conditions.  From  this  cause,  for  example,  many 
old   people  succumb   during  the  treatment  of  a  fractured 

thigh.  .         ,  , 

The  granulating  surface  left  on  the  separation  of  the  slough, 
under   appropriate   treatment,  tends   to   heal  comparatively 

^""^Prlmition  of  Bed-sores.— first  essential  to  the  prevention 
of  bed-sores  is  the  regular  changing  of  the  patient's  position,  so 
that  no  one  part  of  the  body  will  be  continuously  pressed  upon 
for  any  length  of  time.  King-pads  of  wool,  air-cushions,  or 
water-beds  are  necessary  to  remove  pressure  from  prominent 
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parts.  Absolute  dryness  of  the  skin  is  all-important.  At 
least  once  a  day,  the  sacrum,  buttocks,  shoulder-blades,  heels, 
elbows,  malleoli,  or  other  parts  exposed  to  pressure,  must 
be  sponged  with  soap  and  water,  thoroughly  dried,  and  then 
rubbed  with  methylated  spirit,  which  is  allowed  to  dry  on 
the  skin.  Dusting  the  part  with  boracic  acid  powder  not 
only  keeps  it  dry,  but  prevents  the  development  of  bacteria 
in  the  skin  secretions. 


Fig.  29.— Pressure  Bed-sore  iu  an  old  woman  with  Fracture  of  Neck 

of  Femur. 


In  operation  cases,  care  must  be  taken  that  ii-ritating  chemicals 
used  to  purify  the  skin,  such  as  turpentine,  ether,  or  strong 
carbolic  solutions,  do  not  collect  under  the  patient  and  remain 
in  contact  with  the  skin  of  the  sacrum  and  buttocks  during  the 
time  he  is  on  the  operating- table.  There  is  reason  to  believe 
that  the  so-called  "  post-operation  bed-sore  "  may  be  due  to  such 
causes.  A  similar  result  has  been  known  to  follow  soiling  of 
the  sheets  by  the  escape  of  a  turpentine  enema.  ° 

Treatment. — Once  a  bed-sore  has  formed,  every  effort  must 
be  made  to  prevent  its  spread.  Mild  antiseptic  lotions  are  used 
to  cleanse  the  broken  surface,  and  dry  absorbent  dressings  are 
applied  and  frequently  changed.  It  is  sometimes  found 
necessary  to  employ  moist  or  oily  substances,  such  as  boracic 
poultices,  eucalyptus  ointment,  or  balsam  of  Peru,  to  facilitate 
the  separation  of  sloughs,  or  to  promote  the  growth  of  granula- 
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tions.  In  patients  who  are  not  extremely  debilitated  the  slough 
may  be  excised,  the  raw  surface  scraped,  and  then  painted  with 
undiluted  carbolic  acid. 

Skin-grafting  is  sometimes  useful  in  covering  in  the  large 
raw  surface  left  after  separation  or  removal  of  sloughs. 


CHAPTER  VIII 


BACTEEIAL  AND  OTHER  WOUND  INFECTIONS 

Erysipelas — Diphtheria — Tetanus — Hydrojihobia — Anthrax —  Glanders — 
Actinomycosis — Mycetoma — Delhi  hail — Chigoe — Poisoning  by  insects 
— Snake  bites. 

Erysipelas 

Erysipelas  is  an  acute  spreading  infective  disease  of  the  skin 
or  of  a  mucous  membrane  due  to  the  action  of  a  streptococcus. 
It  is  popularly  known  as  "rose."  The  organism  was  at  one 
time  believed  to  be  specific  as  regards  this  disease,  and  was 
called  by  Fehleisen  the  streptococcus  erysipelatis,  but  it  is  now 
generally  accepted  that  it  is  the  ordinary  streptococcus  pyogenes 
"of  a  certain  degree  of  virulence,"  although  the  conditions 
which  so  modify  it  that  it  causes  erysipelas  are  as  yet  not  fully 
understood.  Infection  invariably  takes  place  through  an 
abrasion  of  the  surface,  although  this  may  be  so  slight  that  it 
escapes  observation  even  when  sought  for.  With  our  improved 
methods  of  wound  treatment,  erysipelas  very  rarely  attacks  an 
operation  wound;  when  it  does  so  it  is  usually  in  M'ounds 
about  the  face  and  mouth,  where  it  is  impossible  to  maintain 
asepsis.  The  streptococci  are  found  most  abundantly  in  the 
lymph  spaces  just  beyond  the  swollen  margin  of  the  inflam- 
matory area,  and  in  the  serous  blebs  which  sometimes  form  on 
the  surface,  but  they  seldom  invade  the  blood-stream. 

Microscopically,  four  zones  are  to  be  recognised  from  without 
niwards  in  a  patch  of  erysipelas.  (1)  Just  beyond  the  red 
area  is  a  zone  in  which  active  spread  is  taking  place,  all  the 
lymphatic  spaces  being  crowded  with  rapidly  multiplying 
streptococci ;  (2)  at  the  margin  of  the  red  area  tlie  lymph  spaces 
are  crowded  with  leucocytes,  many  of  which  have  streptococci 
m  their  interior  ;  (3)  in  a  zone  internal  to  this  the  inflammatory 
reaction  is  less  marked,  and  all  the  free  cocci  have  disappeared  ; 
and  (4)  towards  the  centre  of  the  patch  the  tissues  have 
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returned  to  the  normal,  no  permanent  structural  change  having 
taken  place. 

Clinical  Features. — After  an  incubation  period,  which  varies 
from  fifteen  to  sixty  hours,  the  patient  complains  of  headache, 
pains  in  the  back  and  limbs,  loss  of  appetite,  nausea,  and  very 
frequently  there  is  vomiting.  He  has  a  chill  or  slight  rigor, 
initiating  a  rise  of  temperature  to  103°,  104°,  or  105°  F. ;  and 
a  full  bounding  pulse  of  about  100  (Fig.  7).  The  tongue  is 
foul,  the  breath  heavy,  and,  as  a  rule,  the  bowels  are  con- 
stipated. 

Around  the  seat  of  inoculation  a  diffuse  red  patch  forms, 
varying  in  hue  from  a  bright  scarlet  to  a  dull  brick-red.  The 
edges  are  slightly  raised  above  the  level  of  the  surrounding 
skfn,  as  may  readily  be  recognised  by  gently  stroking  the  part 
from  the  healthy  towards  the  affected  area.  The  skin  is  smooth, 
tense,  and  glossy,  and  presents  here  and  there  blisters  filled 
with  serous  fluid.  The  local  temperature  is  raised,  and  the 
part  is  the  seat  of  a  burning  sensation  and  is  tender  to  the 
touch,  the  most  tender  area  bemg  the  actively  spreading  zone 
which  lies  about  half  an  inch  beyond  the  red  margin. 

The  disease  tends  to  spread  spasmodically  and  irregularl}-, 
and  the  direction  and  extent  of  its  progress  may  be  recognised 
by  mapping  out  the  peripheral  zone  of  tenderness.  Red  streaks 
appear  along  the.  lines  of  the  superficial  lymphatic  vessels,  and 
the  deep  lymphatics  may  sometimes  be  palpated  as  firm,  tender 
cords.  The  neighbouring  glands,  also,  are  generally  enlarged 
and  tender. 

The  usual  systemic  symptoms  associated  with  toxsemia  are 
present  — high  temperature,  gastro  -  intestinal  disturbances, 
frequently  albuminuria,  and  occasionally  nocturnal  delirium. 
A  moderate  degree  of  leucocytosis  (15,000  to  20,000)  is  usually 
present  in  Avell-marked  cases. 

The  disease  lasts  for  from  two  or  three  days  to  as  many 
weeks,  and  relapses  are  frequent.  Spontaneous  resolution 
usually  takes  place,  but  the  disease  may  prove  fatal  from 
absorption  of  toxins,  involvement  of  the  brain  or  meninges,  or 
from  general  streptococcal  infection. 

Clinical  Varieties,— i^rtciaZ  erysipelas  is  the  commonest 
clinical  variety,  infection  usually  occurring  through  some  shght 
abrasion  in  the  region  of  the  mouth  or  nose.  From  this  point 
of  origin  the  inflammation  may  spread  all  over  the  face  and 
scalp  as  far  back  as  the  nape  of  the  neck.  It  stops,  how- 
ever, at  the  chin,  and  never  extends  on  to  the  front  of  the 
neck.    There  is  great  oedema  of  the  face,  the  eyes  becoming 
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closed  up,  and  the  features  unrecognisable.  The  inflammation 
may  spread  to  the  meninges,  the  intracranial  venous  sinuses, 
the  eye,  or  the  ear,  and  so  add  to  the  immediate  risks,  and 
lead  to  serious  after-consequences.  In  some  cases. the  erysipelas 
invades  the  mucous  membrane  of  the  mouth,  and  spreads  to 
the  fauces  and  larynx,  setting  up  an  oedema  of  the  glottis 
which  may  prove  fatal. 

Erysipelas  neonatonm  occurs  in  the  region  of  the  umbilicus 
in  young  infants,  and  usually  proves  fatal. 

In  piierperal  ivomen  the  infection  may  occur  in  the  genital 
tract,  and  give  rise  to  a  dangerous  form  of  streptococcal 
infection. 

Complications — Diffuse  sup'purative  cellulitis  is  the  most 
serious  local  complication,  and  results  from  a  mixed  infection 
with  other  pyogenic  bacteria.  Small  localised  superficial 
abscesses  may  form  during  the  convalescent  stage.  They  are 
doubtless  due  to  the  action  of  skin  bacteria,  which  attack 
the  tissues  devitalised  by  the  erysipelas.  A  persistent  form  of 
(edema  sometimes  remains  after  recurrent  attacks  of  erysipelas, 
especially  when  they  affect  the  face  or  the  lower  extremity,  a 
condition  which  is  referred  to  with  elephantiasis. 

Treatment. — The  first  indication  in  treatment  is  to  endeavour 
to  arrest  the  spread  of  the  process.  We  have  found  that  by 
painting  with  linimentum  iodi,  a  ring  half  an  inch  broad, 
about  an  inch  in  front  of  the  peripheral  tender  zone — not  the 
red  margin — an  artificial  leucocytosis  is  produced,  and  the 
advancing  streptococci  are  thereby  arrested.  Several  coats  of 
the  iodine  are  applied,  one  after  the  other,  and  this  is  repeated 
daily  for  several  days,  even  although  the  erysipelas  has  not 
overstepped  the  ring.  Success  depends  upon  using  the  lini- 
ment of  iodine  (the  tincture  is  not  strong  enough),  and  in 
applying  it  well  in  front  of  the  disease. 

Scarification  of  the  skin  in  front  of  the  spreading  margin 
acts  in  the  same  way,  but  is  painful,  and  requires  a  general 
anEesthetic. 

To  allay  the  pain  of  erysipelas,  perhaps  the  most  useful  local 
applications  are  ichthyol  ointment  (1  in  6),  thiol  (in  20  to  40 
per  cent,  aqueous  solution)  painted  on  several  times  a  day,  or 
lead  and  opium  fomentations. 

The  general  treatment  consists  in  attending  to  all  the 
emunctories,  in  administering  quinine  in  small — two-grain — 
doses  every  four  hours,  or  salicylate  of  iron  (2-5  gr.  every 
tliree  hours),  and  in  giving  plenty  of  fluid  nourishment.  It  is 
worthy  of  note  that  the  anti-streptococcic  serum  has  proved  of 
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less  value  in  the  treatment  of  erysipelas  than  might  have  been 
expected,  probably  because  the  serum  is  not  made  from  the 
proper  strain  of  streptococcus. 

It  is  not  necessary  to  isolate  cases  of  erysipelas,  provided 
the  usual  precautions  against  carrying  infection  from  one 
patient  to  another  are  rigidly  carried  out. 

Diphtheria. 

Diphtheria  is  an  acute  infective  disease  due  to  the  action 
of  a  specific  bacterium,  the  bacillus  diphtherice  or  Klebs^Loffler 
hmillus. 

.  The  commonest  site  of  infection  is  the  fauces  and  soft 
palate,  where  at  first  the  effects  are  local,  and  consist  in  the 
formation  of  a  false  membrane  composed  of  necrosed 
epithelium,  fibrin,  leucocytes,  and  red  blood  corpuscles.  As 
the  disease  progresses,  a  general  toxin  poisoning,  associated 
with  great  muscular  weakness,  a  tendency  to  syncope,  and 
albuminuria,  ensues.  After  the  acute  symptoms  have  passed 
off,  various  localised  paralyses,  affecting  particularly  the  nerves 
of  the  palatal  and  orbital  muscles,  develop  in  from  15  to  20 
per  cent,  of  cases. 

The  disease  is  usually  transmitted  from  one  patient  to 
another,  but  it  may  be  contracted  from  cats,  fowls,  or  through 
the  milk  of  infected  cows.  Cases  have  occurred  in  which  the 
surgeon  has  carried  the  infection  from  one  patient  to  another 
through  neglect  of  antiseptic  precautions.  The  incubation 
period  varies  from  two  to  seven  days. 

Clinical  Features. — In  jj/iffv?/?;(7eaZ  cliplitheria,  on  the  first 
or  second  day  of  the  disease,  redness  and  swelling  of  the 
mucous  membrane  of  the  pharynx,  tonsils,  and  palate  are 
well  marked,  and  small,  circular  greenish  or  grey  patches  of 
false  membrane  begin  to  appear.  These  rapidly  increase  in 
area  and  thickness,  till  they  coalesce  and  form  a  complete 
covering  to  the  parts.  In  the  pharynx  the  false  membrane 
is  less  adherent  to  the  surface  than  it  is  when  the  disease 
affects  the  air-passages.  The  lymphatic  glands  behind  the 
angle  of  the  jaw  enlarge  and  become  tender,  and  may 
suppurate  from  superadded  infection.  There  is  pain  on 
swallowing,  and  often  earache;  and  the  patient  speaks  with 
a  nasal  accent.  He  becomes  weak  and  anfemic,  and  loses 
his  appetite.  There  is  often  albuminuria.  Leucocytosis  is 
usually  well  marked  before  the  injection  of  antitoxin  :  after 
the  injection  there  is  usually  a  diminution  in  the  number 
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of  leucocytes.  The  false  membrane  may  separate  and  be 
cast  off,  after  wliich  the  patient  gradually  recovers.  Death 
may  take  place  from  gradual  failure  of  the  heart's  action  or 
from  sudden  syncope  during  some  slight  exertion. 

Lari/iigeal  diphtheria. — The  disease  may  arise  in  the  larynx,, 
although,  as  a  rule,  it  spreads  thence  from  the  pharynx.  It 
iirst  manifests  itself  by  a  short,  dry,  croupy  cough,  and 
hoarseness  of  the  voice.  The  difficulty  in  breathing  usually 
first  takes  place  suddenly  during  the  night,  and  once  it 
begins,  it  rapidly  gets  worse.  Inspiration  becomes  noisy, 
sometimes  stridulous  or  metallic  or  sibilant,  and  there  is 
marked  indrawing  of  the  epigastrium  and  lower  intercostal 
spaces.  The  hoarseness  becomes  more  marked,  the  cough 
more  severe,  and  the  patient  very  restless.  The  difficulty  of 
breathing  occurs  in  paroxysms,  which  gradually  increase  in 
frequency  and  severity,  until  at  length  the  patient  becomes 
asphyxiated  and  dies.  The  duration  of  the  disease  varies  from 
a  few  hours  to  four  or  iive  days. 

Diagnosis. — The  finding  of  the  Klebs-Lciffler  bacillus  is 
the  only  conclusive  evidence  of  the  disease.  The  bacillus 
may  be  obtained  by  swabbing  the  throat  with  a  piece  of 
aseptic — not  antiseptic — cotton  wool  or  clean  linen  rag  held 
in  a  pair  of  forceps,  and  rotated  so  as  to  entangle  portions  of 
the  false  membrane  or  exudate.  The  swab  thus  obtained  is 
placed  in  a  test-tube,  previously  sterilised  by  having  had 
some  water  boiled  in  it,  and  sent  to  a  laboratory  for 
investigation.  To  identify  the  bacillus  a  piece  of  the 
membrane  from  the  swab  is  rubbed  on  a  cover  glass,  dried, 
and  stained  with  methylene  blue  or  other  basic  stain ;  or 
cultures  may  be  made  on  agar  or  other  suitable  medium. 
When  a  bacteriological  examination  is  impossible,  or  when 
the  clinical  features  do  not  coincide  with  the  results  obtained,, 
the  patient  should  always  be  treated  on  the  assumption  that  he 
suffers  from  diphtheria.  So  much  doubt  exists  as  to  the  real 
nature  of  membranous  croup  and  its  relationship  to  true  diph- 
theria, that  when  the  diagnosis  between  the  two  is  uncertain, 
the  safest  plan  is  to  treat  the  case  as  one  of  diphtheria. 

Treatment. — An  attempt  may  be  made  to  destroy  or  to 
counteract  the  organisms  by  swabbing  the  throat  with  strong 
antiseptic  solutions,  such  as  1  in  1000  corrosive  sublimate  or 
1  in  .30  carbolic  acid,  or  by  spraying  with  peroxide  of  hydrogen. 

The  antitoxic  serum  is  our  sheet-anchor  in  the  treatment 
of  diphtheria,  and  recourse  should  be  had  to  its  use  as  early 
as  possible. 
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The  initial  dose  should  be  a  large  one,  certainly  not  less 
than  3000  units,  and  a  further  injection  of  1500  units  should 
be  given  in  twelve  hours  if  marked  improvement  does  not  take 
place.  The  earlier  the  injection,  and  the  more  concentrated 
the  serum,  the  better  are  the  results. 

Within  tvrenty-four  hours  of  the  injection  the  local  symp- 
toms usually  begin  to  subside,  and  the  membrane  separates  and 
is  throvra  off.  At  the  same  time  the  temperature  falls,  the 
pulse  becomes  slower,  and  the  general  condition  of  the  patient 
improves.  Beyond  certain  erythematous  and  urticarial  rashes, 
and  transient  joint  pains,  which  sometimes  occur,  no  ill  effects 
attend  the  use  of  the  serum. 

The  general  strength  of  the  patient  must  be  maintained  by 
abundance  of  liquid  food  and  stimulants. 

Difficulty  of  swallowing  may  be  met  by  the  use  of  a  stomach 
tube  passed  either  through  the  mouth  or  nose.  When  this  is 
impracticable,  nutrient  enemata  are  called  for. 

In-  laryngeal  diphtheria,  the  interference  with  respiration 
may  call  for  intubation  of  the  larynx,  or  tracheotomy,  but  the 
antitoxin  treatment  has  greatly  diminished  the  number  of 
cases  in  which  it  becomes  necessary  to  have  recourse  to  these 
measures. 

Intubation  consists  in  introducing  through  the  mouth  into 
the  larynx  a  tube  which  allows  the  patient  to  breathe  freely 
during  the  period  while  the  membrane  is  becoming  separated 
and  thrown  off.  This  is  best  done  with  the  apparatus  of 
O'Dwyer;  but  when  this  instrument  is  not  available,  a  simple 
gum-elastic  catheter  with  a  terminal  opening  (as  suggested  by 
Macewen  and  Annandale)  may  be  employed. 

When  intubation  is  impracticable,  the  operation  of  tracheo- 
tomy is  called  for  if  the  patient's  life  is  endangered  by 
embarrassment  of  respiration. 

In  an  epidemic  of  diphtheria,  for  example,  in  a  public 
school,  the  throats  of  all  those  exposed  to  infection  should  be 
examined,  and  those  who  are  found  to  be  "  carriers "  of  the 
bacillus  should  receive  a  prophylactic  injection  of  antitoxic 
serum. 

Diphtheria  in  other  situations.— Ta.Q  diphtheritic  process 
may  spread  from  the  pharynx  to  the  nasal  cavities,  causing 
blocking  of  the  nares,  with  a  profuse  ichorous  discharge  from 
the  nostrils,  and  sometimes  severe  epistaxis.  The  inflammation 
may  spread  along  the  nasal  duct  to  the  conjunctiva.  The 
middle  ear  also  may  become  involved  by  spread  along  the 
Eustachian  tube. 
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In  children,  diphtheria  may  occur  on  the  vulva,  _  vagina, 
prepuce,  or  glans  penis,  and  give  rise  to  difficulty  in  diagnosis, 
■which  is  only  cleared  up  by  demonstration  of  the  bacillus. 

Tetanus. 

Tetanus  is  a  general  disease  resulting  from  the  infection  of 
a  wound  by  a  specific  micro-organism,  the  bacillus  tetani,  and 

 . 

•  '- 


Fig.  30. — Bacillus  of  Tetanus  from  wound  of  infection,     x  1000  diani. 

a  =  Bacillus  with  spore — drum-stick  bacillus. 
ii  =  Leucocytes. 

characterised  by  tonic  contractions  of  one  or  more  groups  of 
muscles,  with  periodic  exacerbations. 

Etiology  and  Morbid  Anatomy. — The  tetanus  bacillus  is  a 
slender  rod-shaped  organism.  Each  bacillus  forms  a  single 
large  spore,  which  is  usually  placed  at  one  end  and  gives  to  the 
organism  the  shape  of  a  drum-stick  (Fig.  30).  The  spores  are 
highly  resistant  to  chemical  agents,  retain  their  vitality  in  a  dry 
condition,  and  even  survive  boiling  for  five  minutes. 

The  organism,  which  is  a  perfect  anaerobe,  is  very  widely 
distributed  in  nature,  and  is  readily  found  in  garden  earth, 
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dung-heaps,  and  stable  refuse.  It  can  often  he  obtained  also 
in  the  pus  from  the  wound  of  infection  in  patients  suffering 
from  the  disease,  but  it  does  not  invade  the  body  generally. 
Such  wounds  are  usually  unhealthy,  and  lined  with  necrotic 
tissue  from  which  the  special  bacillus  may  be  isolated,  as  well 
as  other  organisms — pyogenic  or  putrefactive— Avith  which  it  is 
usually  associated. 

It  is  now  believed  that  a  broken  surface,  however  small,  is 
essential  to  the  inoculation  of  the  virus,  and  that  no  such  thing 
as  an  "  idiopathic  "  variety  of  tetanus  exists. 

It  would  appear,  from  experimental  evidence,  that  the 
spores  are  the  active  agents  in  producing  the  disease,  and 
that  the  presence  of  effused  blood  and  some  source  of  local 
irritation,  such  as  a  splinter  of  wood  or  other  foreign  body, 
favour  their  development.  There  is  also  reason  to  believe 
that  the  tetanus  bacillus  acts  more  certainly  when  introduced 
along  with  aerobic  organisms,  which,  by  using  up  the  oxygen 
in  the  tissues,  provide  for  it  a  suitable  environment. 

The  toxin  acts  principally  on  the  nerve  centres  in  the 
spinal  cord,  to  which  it  travels  from  the  focus  of  infection 
by  way  of  the  motor  nerve  fibres.  Its  first  effect  on  the 
motor  ganglia  of  the  cord  is  to  render  them  hyper-sensitive, 
so  that  they  are  excited  by  mild  stimuli,  which  under 
ordinary  conditions  would  produce  no  reaction.  As  the 
toxin  accumulates  the  reflex  arc  is  affected,  with  the  result 
that  when  a  stimulus  reaches  the  ganglia  a  motor  discharge 
takes  place,  which  spreads  by  ascending  and  descending 
collaterals  to  the  reflex  apparatus  of  the  whole  cord.  As  the 
toxin  spreads  it  causes  both  motor  hyper-tonus  and  hyper- 
excitability,  which  accounts  for  the  tonic  contraction  and  the 
clonic  spasms  characteristic  of  tetanus. 

On  post-mortem  examination  of  patients  who  have  died  of 
tetanus,  very  few  lesions  are  to  be  detected.  The  commonest 
are  congestion  of  the  central  nervous  system,  notably  the  grey 
matter  of  the  pons  and  medulla,  and  degenerative  changes  in 
the  ganglion  cells  of  the  spinal  cord. 

Clinical  Features. — The  characteristic  symptoms  of  tetanus 
do  not,  as  a  rule,  appear  earlier  than  the  fourth  or  fifth  day 
after  the  infliction  of  the  wound,  but  the  incubation  period 
may  extend  to  three  weeks,  and  the  wound  may  be  quite  healed 
before  the  disease  declares  itself.  Usually,  however,  the 
wound  is  inflamed  and  suppurating,  with  ragged  and  sloughy 
edges.  A  slight  feverish  attack  may  mark  the  onset  of  the 
tetanic  condition,  or  the  patient  may  feel  perfectly  well  until 
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the  spasms  begin.  If  careful  observations  be  made,  it  may 
be  found  that  the  muscles  in  the  immediate  neighbourhood 
of  the  wound  are  the  first  to  become  contracted ;  but  in  the 
majority  of  instances  the  patient's  first  complaint  is  of  pain 
and  stiffness  in  the  muscles  of  mastication,  notably  the 
masseter,  so  that  he  has  difficulty  in  opening  the  mouth — 
hence  the  popular  name  "  lock-jaw."  The  other  facial 
muscles  soon  share  in  the  rigidity,  and  the  face  assumes  a 
fixed,  mask-like  aspect.  The  angles  of  the  mouth  may  be 
retracted,  producing  a  grinning  expression  known  as  the 
risus  sardonicus. 

The  next  muscles  to  become  stiff  and  painful  are  those  of 
the  neck,  especially  the  sterno-mastoid  and  trapezius.  The 
patient  is  inclined  to  attribute  the  pain  and  stiffness  to 
exposure  to  cold  or  rheumatism.  At  an  early  stage  the 
diaphragm  and  the  muscles  of  the  anterior  abdominal  wall 
become  contracted ;  later  the  muscles  of  the  back  and  thorax 
are  involved;  and  lastly  those  of  the  limbs.  Although  this 
is  the  typical  order  of  involvement  of  the  different  groups  of 
muscles,  it  is  not  always  adhered  to. 

To  this  permanent  tonic  contraction  of  the  muscles  there  are 
soon  added  clonic  spasms.  These  spasms  are  at  first  slight  and 
transient,  with  prolonged  intervals  between  the  attacks,  but 
rapidly  tend  to  become  more  frequent,  more  severe,  and  of 
longer  duration,  until  eventually  the  patient  simply  passes  out 
of  one  seizure  into  another. 

The  distribution  of  the  spasms  varies  in  different  cases  :  in 
some  it  is  confined  to  particular  groups  of  muscles,  such  as 
those  of  the  neck,  back,  abdominal  walls,  or  limbs ;  in  others 
all  these  groups  are  simultaneously  involved. 

When  the  muscles  of  the  back  become  spasmodically  con- 
tracted, the  body  is  raised  from  the  bed,  sometimes  to  such  an 
extent  that  the  patient  rests  only  on  his  heels  and  occiput — 
the  position  of  opisthotonos.  Lateral  arching  of  the  body  from 
excessive  action  of  the  muscles  on  one  side — ■ple2crosthotonos — 
is  not  uncommon,  the  arching  usually  taking  place  towards  the 
side  on  which  the  wound  of  infection  exists.  Less  frequently 
the  body  is  bent  forward  so  that  the  knees  and  chin  almost 
meet  {emivosthotonos).  Sometimes  all  the  muscles  simultane- 
ously become  rigid,  so  that  the  body  assumes  a  statuesque 
attitude  {ortlwtonos).  When  the  thoracic  muscles,  including 
the  diaphragm,  are  thrown  into  spasm,  the  patient  experiences 
a  distressing  sensation  as  if  he  were  gripped  in  a  vice,  and  has 
extreme  difficulty  in  getting  breath.    Between  the  attacks  the 
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limbs  are  kept  rigidly  extended.  The  clonic  spasms  may  be 
so  severe  as  to  rupture  muscles  or  even  to  fracture  one  of  the 
long  bones. 

As  time  goes  on,  the  clonic  exacerbations  become  more  and 
more  frequent,  and  the  slightest  external  stimulus,  such  as  the 
feeling  of  the  pulse,  a  whisper  in  the  room,  a  noise  in  the 
street,  a  draught  of  cold  air,  the  effort  to  swallow,  a  question 
addressed  to  the  patient  or  his  attempt  to  answer,  is  sufficient 
to  determine  an  attack.  The  movements  are  so  forcible  and 
so  continuous  that  the  nurse  has  great  difficulty  in  keeping 
the  bed-clothes  on  the  patient,  or  even  in  keeping  him  in 
bed. 

The  general  condition  of  the  patient  is  pitiful  in  the  extreme. 
He  is  fully  conscious  of  the  gravity  of  the  disease,  and  his 
mind  remains  clear  to  the  end.  The  suffering  induced  by  the 
cramp-like  spasms  of  the  muscles  keeps  him  in  a  constant  state 
of  fearful  apprehension  of  the  next  seizure,  and  he  is  unable  to 
sleep  mitil  he  becomes  , utterly  exhausted. 

The  temperature  is  moderately  raised  (100°  to  102°  F.),  or 
may  remain  normal  throughout.  Shortly  before  death  very 
high  temperatures  (110°  F.)  have  been  recorded,  and  it  has 
been  observed  that  the  thermometer  sometimes  continues  to 
rise  after  death,  and  may  reach  as  high  as  112°  F.  pr  more. 

The  pulse  corresponds  with  the  febrile  condition.  It  is 
accelerated  during  the  spasms,  and  may  become  exceedingly 
rapid  and  feeble  before  death,  probably  from  paralysis  of  the 
vagus.  Sudden  death  from  cardiac  paralysis  or  from  cardiac 
spasm  is  not  uncommon. 

The  respiration  is  affected  in  so  far  as  the  spasms  of  the  . 
respiratory  muscles  produce  dyspnoea,  and  a  feeling  of  impend- 
ing suffocation  which  adds  to  the  horrors  of  the  disease. 

One  of  the  most  constant  symptoms  is  a  copious  perspiration, 
the  patient  being  literally  bathed  in  sweat.  The  urine  is 
diminished  in  quantity,  but  as  a  rule  is  normal  in  composi- 
tion ;  as  in  other  acute  infective  conditions,  albumen  and  blood 
may  be  present.  Retention  of  urine  may  result  from  spasm  of 
the  urethral  muscles,  and  necessitate  the  use  of  the  catheter. 

The  fits  may  cease  some  time  before  death,  or,  on  the  other 
hand,  death  may  occur  during  a  paroxysm  from  fixation  of  the 
diaphragm  and  arrest  of  respiration. 

Clinical  Varieties  of  Tetanus.  —  ^cwife  or  Fulmmating 
Tetanus. — This  variety  has  been  described  above  as  the  type 
of  the  disease.  It  is  characterised  by  the  shortness  of  the 
incubation  period,  the  rapidity  of  its  progress,  the  severity  of 


TETANUS 


127 


its  symptoms,  and  its  all  but  universally  fatal  issue  in  spite  of 
treatment,  death  taking  place  in  from  one  to  four  days. 

Chronic  Tetanus. — The  difference  between  this  and  acute 
tetanus  is  mainly  one  of  degree.  Its  incubation  period  is 
longer,  it  is  more  slow  and  insidious  in^  its  progress,  and  it 
never  reaches  the  same  degree  of  severity.  Trismus  is  the 
most  marked  and  constant  form  of  spasm ;  and  while  the  trunk 
muscles  may  be  involved,  those  of  respiration  as  a  rule  escape. 
Every  additional  day  the  patient  lives  adds  to  the  probability 
of  his  ultimate  recovery.  When  the  disease  does  prove  fatal, 
it  is  from  exhaustion,  and  not  from  respiratory  or  cardiac 
spasm.    The  usual  duration  is  from  six  to  ten  weeks. 

Trismus. — This  term  is  used  to  denote  a  form  of  tetanic 
spasm  limited  to  the  muscles  of  mastication.  It  is  really  a 
mild  form  of  chronic  tetanus,  and  the  prognosis  is  favourable. 
It  must  not  be  confused  with  the  fixation  of  the  jaw  some- 
times associated  with  a  wisdom-tooth  gumboil,  with  tonsillitis, 
or  with  affections  of  the  temporo-maxillary  articulation. 

Tetanus  neonatorum  is  a  form  of  tetanus  occurring  in 
infants  of  about  a  week  old.  Infection  takes  place  through 
the  umbilicus,  and  manifests  itself  clinically  by  spasms  of  the 
muscles  of  mastication.  It  is  almost  invariably  fatal  within  a 
few  days. 

"Head"  or  "  Cephalic"  Tetanus. — This  is  a  peculiar  variety 
of  traumatic  tetanus  which  follows  injuries  to  the  head.  It  is 
characterised  by  the  occurrence,  on  the  same  side  as  the  head 
injury,  of  more  or  less  complete  paralysis  of  the  facial  muscles 
supplied  by  the  seventh  nerve,  or  of  other  muscles  supplied  by 
cranial  nerves,  particularly  the  oculo-motor.  This  paralysis  of 
the  cranial  nerves  is  believed  to  be  due  to  a  selective  action  of 
one  of  the  tetanus  toxins  on  the  nerve  centre  in  the  medulla, 
as  well  as  a  local  action  on  the  peripheral  nerve-endings. 
There  is  usually  well-marked  trismus,  and  other  tetanic 
symptoms,  varying  in  severity,  ultimately  supervene.  In  head 
tetanus  the  muscles  of  deglutition  are  often  specially  involved 
• — hence  the  name  tetanus  liydroplwhicus.  The  disease  is 
attended  with  a  high  mortality,  particularly  in  cases  in  which 
paralysis  is  the  first  symptom  to  appear. 

Differential  Diagnosis. — There  is  little  difliculty,  as  a  rule, 
in  diagnosing  a  case  of  fulminatmg  tetanus,  but  there  are 
several  conditions  with  which  it  may  occasionally  be  confused. 
In  strychnin  poisoniruj,  for  example,  the  spasms  come  on 
immediately  after  the  patient  has  taken  a  toxic  dose  of  the 
drug ;  they  are  clonic  in  character,  but  the  muscles  are  relaxed 
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between  the  fits.  If  the  dose  is  not  lethal,  the  spasms  soon 
cease.  In  hydrophobia  a  history  of  having  been  bitten  by  a 
rabid  animal  is  usually  forthcoming ;  the  spasms,  which  are 
clonic  in  character,  affect  chiefly  the  muscles  of  respiration  and 
decdutition,  and  pass  off  entirely  in  the  intervals  between 
attacks.  Certain  c^'Ses  of  hmmorrhage  into  the  lateral  ventricles 
of  the  brain  also  simulate  tetanus,  but  an  analysis  of  the 
symptoms  will  prevent  errors  in  diagnosis.  Cerehro-sptnal 
meningitis  and  basal  meningitis  present  certain  superficial 
resemblances  to  tetanus,  but  there  is  no  trismus,  and  the 
spasms  chiefly  affect  the  muscles  of  the  neck  and  back. 
Hysteria  and  catalepsy  may  assume  characters  resembling 
those  of  tetanus,  but  there  is  little  difficulty  in  distinguishing 
between  these  diseases.  Lastly,  in  the  tetany  of  children, 
or  that  following  operations  on  the  thyroid  gland,  the  spasms 
are  of  a  jerking  character,  affect  chiefly  the  hands  and  fingers, 
and  yield  to  medicinal  treatment. 

Prophylaxis.— T\xQ  prevention  of  tetanus  largely  depends  on 
thorough  purification  of  all  wounds  that  have  been  exposed 
to  infection  by  earth,  stable  refuse,  or  street  dust.  Ihere 
is  evidence  that  prophylactic  injections  of  anti-tetanic  serum 
(10  c  c.  introduced  into  the  muscles  of  the  buttock)  are  of 
value.  All  instruments  and  appliances  used  for  operations  on 
tetanic  patients  must  be  sterilised  by  prolonged  boilmg  before 

being  put  away.  j  •  -4 

Treatmsnt  —To  arrest  the  formation  and  introduction  into 
the  circulation  of  further  supplies  of  the  toxin,  the  wound  must 
be  thoroughly  purified,  the  unhealthy  walls  being  bodily 
excised  and  the  raw  surface  left  sponged  over  with  carbolic 
acid  and  dressed  with  iodoform  gauze.  Amputation  is  seldom 
called  for  to  meet  this  indication.  ,     ,   ,  * 

To  promote  the  excretion  of  toxins  already  absorbed,  tree 
action  of  the  bowels,  kidneys,  and  skin  must  be  ensured. 
The  introduction  of  saline  solution  into  the  veins,  the  rectum, 
or  the  cellular  tissue  may  be  had  recourse  to  with  this  object. 

The  value  of  the  anti-tetanic  serum  as  a  means  of  counter- 
actmg  the  toxins  already  in  circulation  is  still  m  doubt. 
While  it  is  true  that  a  degree  of  immunity  may  be  produced 
in  animals  by  means  of  antitoxic  serum,  there  is  at  present 
little  evidence  that  any  material  benefit  follows  its  use  m  fully 
developed,  acute  progressive  tetanus  in  the  human  subject 
The  vast  majority  of  the  cases  in  which  the  serum  b as  been 
employed  and  the  patient  has  recovered  have  been  of  the 
chronic  type  of  the  disease,  which  naturally  tends  to  spon- 
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taneous  cure.  In  spite  of  these  facts,  however,  and  in  view  of 
•  the  success  which  has  followed  the  use  of  other  sera,  we  are 
bound  to  give  the  patient  the  benefit  of  what  is  meanwhile  the 
only  rational  treatment  offering  any  hope  of  cure.  The  initial 
dose  must  be  a  large  one — not  less  that  60  c.c,  and  several 
smaller  doses  may  subsequently  be  given  within  the  first 
twenty-four  hours  if  the  symptoms  do  not  abate.  The  best 
results  seem  to  have  been  obtained  by  Tizzoni's  serum. 

The  serum  should  be  injected  directly  into  the  nerve 
trunks  leading  from  the  focus  of  infection,  as  it  is  by  this 
route  that  the  toxins  reach  the  spinal  cord.  It  is  necessary, 
however,  that  the  serum  be  injected  early  and  into  a  portion 
of  the  nerve  not  yet  reached  by  the  toxin,  as  it  has  been 
shown  that  the  antitoxin  has  no  neutralising  effect  on  a 
toxin  already  absorbed  by  nerve  tissue.  By  thus  "  blocking  " 
the  main  afferent  nerve  trunks  with  antitoxin,  the  toxins  are 
prevented  from  reaching  the  spinal  cord.  Clinical  experience 
has  shown,  however,  that  benefit  may  follow  the  introduction 
of  the  serum  directly  into  the  cord.  When  the  wound  of 
mfection  is  in  the  lower  extremity,  the  serum  is  introduced 
into  the  lower  part  of  the  cord ;  when  in  the  upper  extremity, 
it  should  be  injected  in  the  cervical  region.  Antitetanic  serum 
injected  subcutaneously  only  neutralises  the  toxin  circulating 
in  the  blood,  and  this  is  so  small  in  quantity  as  to  be  practi- 
cally negligible.  Injection  directly  into  the  cranial  cavity  has 
been  given  up  on  account  of  the  risks  attending  the  procedure. 

To  conserve  the  patient's  strength  by  preventing  or  diminish- 
ing the  severity  of  the  spasms,  he  should  be  placed  in  a  quiet 
room,  and  every  form  of  disturbance  rigidly  avoided.  Sedatives 
must  be  given  in  large  doses.  Chloral  is  perhaps  the  best,  and 
the  patient  should  rarely  have  less  than  150  grains  in  twenty- 
four  hours.  When  he  is  unable  to  swallow,  it  should  be  given 
by  the  rectum.  The  administration  of  chloroform  is  of  great 
value  in  conserving  the  strength  of  the  patient,  by  abolisliing 
the  spasms,  and  enabling  the  attendants  to  administer  nourish- 
ment or  drugs  either  through  a  stomach  tube  or  by  the  rectum. 
Extreme  elevation  of  temperature  is  met  by  tepid  sponging.  It 
IS  necessary  to  use  the  catheter  if  retention  of  urine  occurs. 


Hydrophobia 

Hydrophobia  is  an  acute  infective  disease  following  on  the  bite  of  a 
bid  animal.  The  analogies  existing  between  hydrophobia  and  other 
seases  of  undoubted  bacterial  origin  justify  the  belief  that  this  disease 
aue  to  a  speciHc  organism,  although  it  has  not  yet  been  demonstrated. 
VOL.  I. — 9 
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In  this  country  it  most  commonly  follows  the  bite  or  lick  of  a  rabid  dog 
or  cat  The  virus  appears  to  be  communicated  through  the  saliva  ol 
the  animal,  and  to  show  a  marked  affinity  for  nerve  tissues  ;  and  the 
disease  is  most  likely  to  develop  when  the  patient  is  infected  on  the  lace 
or  other  uncovered  part,  or  in  a  part  richly  endowed  with  nerves. 

Babies  in  the  Docj.—Uhe  animal  becomes  depressed  and  listless,  develops 
a  depraved  appetite,  eating  all  kinds  of  rubbish  and  lilth  ;  is  peculiarly 
irritable  and  snappish  towards  other  dogs  ;  and  when  it  moves  about, 
takes  no  notice  of  surrounding  objects.  The  bark  becomes  hoarse  ;  a 
thick  ropy  mucus  collects  in  the  mouth,  and  the  creature  has  difficulty 
in  swallowing,  although  it  makes  violent  attempts  to  lap  water.  Para- 
lysis of  the  lower  jaw  and  of  the  limbs  precedes  death,  which  usually 
takes  place  in  five  or  six  days.  The  wild  fury  which  is  generally  supposed 
to  characterise  a  mad  dog  is  usually  conspicuous  by  its  absence. 

A  dos  which  has  bitten  a  person  should  on  no  account  be  killed  until 
its  condition  has  been  proved  one  way  or  the  other  Should  rabies 
develop  and  its  destruction  become  necessary,  the  head  and  spinal  cora 
should  be  retained  and  forwarded,  packed  in  ice,  to  a  competent  obsei^er 
Much  anxiety  to  the  person  bitten  and  to  his  friends  would  be  avoided 
if  these  rules  were  observed,  because  in  many  cases  it  will  be  shown  tnai 
the  animal  did  not  after  all  suffer  from  rabies,  and  that  the  P^tieut  con- 
sequently runs  no  risk.  If,  on  the  other  baud,  rabies  is  proved  to  be 
present,  the  patient  should  be  submitted  to  the  Pasteur  ti-eatment. 

Clinical  Features  in  Jfan.-There  is  almost  always  a  history  ol  the 
patient  having  been  bitten  or  licked  by  an  anmial  supposed  to  suttei 
from  rabies.    The  incubation  period  averages  about  forty  days,  but  varies 
from  a  fortnight  to  seven  or  eight  months,  and  is  shorter     JO^^S  ^^an 
in  old  persons     The  original  wound  has  long  since  healed,  aud  beyond 
a  slight  itchiness  or  pain  shooting  along  the  nerves  of  the  pait,  shows 
no  siin  of  disturbance."^  A  few  days  of  general  malaise,  ^"t^^  f  U^J^-J 
giddfness,  precede  the  onset  of  the  acute  manifestations,  wh  cli  attect 
chiefly  the  muscles  of  deglntition  and  respira  ion.  °f 
signs  is  that  the  patient  has  periodically  a  sudden  catch  m  his  bieathiDg 
"resembling  what  often  occurs  when  a  person  goes  into  a  cold  batn. 
This  is  due  to  spasm  of  the  diaphragm,  and  is  frequently  accompanied 
by  a  loud-sounding  hiccough,  likened  by  the  laity  to  the  barkmg  of  a 
dog.    Difficulty  in  swallowing  fluids  may  be  the  first  syniptoiu 

The  spasms^^apidly  spread  to  all  the  muscles  of  deglutition  an^^^ 
respiration,  so  that  the  patient  not  only  has  the  g'-e^ates*  difficulty  in 
swallowing,  but  has  a  constant  sense  of  irapeiidmgsuffocation  lo  add 
to  his  distress,  a  copious  secretion  of  viscid  saliva  hlls  his  n^outh-  f 
voluntary  eflbrt,  as  well  as  all  forms  of  external  stimuli  o^^'J  ^erve  to 
acrrrravate  the  spasms  which  arc  always  induced  by  the  attempt  to 
swallow  fluid,  or  even  by  the  sound  of  running  water.  ;„,-„r„,;4.tPnt  • 

.  The  temperature  is  raised  ;  the  pulse  is  s.nall,  rapid,  and  intermittent , 
aild  the  urine  may  contain  sugar  and  albumen. 

The  mind  may  remain  clear  to  the  end,  or  the  patient  }^^^J^^^ 
delusions,  supposing  himself  to  be  surrounded  by  t«'''yy;"S  '° 
There  is  always  extreme  mental  .agitation  ami  despair,  «  ^"""'^ 
is  in  constant  fear  of  his  impending  fate.  Happily  the  i"e;itab  issue 
is  not  long  delayed,  death  usually  occurring  in  from  two  to  o  u  dajs 
from  the  onset.  The  symptoms  of  the  disease  are  so  clKara^ten.tic  ^ 
there  is  no  ddhcnlty  in  diagnosis.  The  only  condition  b  Inch  it  is 
liable  to  be  confused  is  the  variety  of  cephalic  teUmis  in  which  the  mu^^^^^^^^ 
of  deglutition  are  speciallv  involved-the  so-called  tetanus  hydrophobicus. 
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Prophylaxis.— The  bite  of  an  animal  suspected  of  being  rabid  should 
be  cauterised  at  once  by  means  of  tlie  actual  or  Paquelin  cautery,  or  by  a 
strong  chemical  escharotic  such  as  pure  carbolic  acid,  after  whi'cli  anti- 
septic dressings  are  applied. 

It  is,  however,  to  Pasteur's  preventive  inoculation  that  we  must  look 
for  our  best  hope  of  averting  the  onset  of  symptoms.  "It  may  now  be 
taken  as  established  that  a  grave  responsibility  rests  on  those  concerned 
if  a  person  bitten  by  a  mad  animal  is  not  subjected  to  the  Pasteur  treat- 
ment" (Muir  and  Ritchie). 

This  method  is  based  on  the  fact  that  the  long  incubation  period  of 
the  disease  admits  of  the  patient  being  inoculated  with  a  modified  virus 
producing  a  mild  attack,  which  protects  him  from  the  natural  disease- 
as  m  artificially  developing  immunity  against  a  bacterial  disease. 

Treatmcnt.~W\i&u  the  symptoms  have  once  developed  they  can  only 
be  palliated.  The  jjatient  must  be  kept  absolutely  quiet  and  free  from 
all  sources  of  irritation.  The  spasms  may  be  diminished  by  means  of 
chloral  and  bfomides,  or  by  chloroform  inhalation.  There  is  great  diffi 
cultv  in  feeding  the  patient,  and  all  nourishment  and  stimulants  may 
require  to  be  administered  by  the  rectum. 


Anthrax 

Anthrax  is  a  comparatively  rare  disease,  communicable  to 
man  from  certain  of  the  lower  animals,  such  as  sheep  oxen 
horses,  deer,  and  other  herbivora.  In  animals  it  is  character- 
ised by  symptoms  of  acute  general  poisoning,  and,  from  the 
fact  that  It  produces  a  marked  enlargement  of  the  spleen  is 
known  m  veterinary  surgery  as  "splenic  fever."  ' 

The  bacillus  anthraais  (Fig.  31),  the  largest  of  the  known 
pathogenic  bacteria,  occurs  in  groups  or  in  chains  made  up 
ot  numerous  bacilli,  each  bacillus  measuring  from  6  to  8  «  in 
length. 

The  organisms  are  found  in  enormous  numbers  throughout 
the  bodies  of  animals  that  have  died  of  anthrax,  and  are  readily 
recognised  and  cultivated.  ^ 

Sporulation  only  takes  place  outside  the  body,  probably 
because  free  oxygen  is  necessary  to  the  process.  In  the  spore- 
tree  condition,  the  organisms  are  readily  destroyed  by  ordinary 
germicides  and  by  the  gastric  juice.  The  spores,  on  the 
other  hand,  have  a  high  degree  of  resistance.  Not  only  do 
fchey  remain  viable  in  the  dry  state  for  long  periods,  even  up 
to  a  year,  but  they  survive  boiling  for  live  minutes,  knd  must 

thera;rStJoy^7 '''^ ' ^--^  '^^^^^ 
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otherwise,  are  brought  into  contact  with  it— for  example, 
shepherds,  butchers,  veterinary  surgeons,  or  hide-porters,  ibe 
path  of  infection  is  usually  through  an  abrasion  of  the  sJan, 
and  the  primary  manifestations  are  local,  constituting  what  is 
'known  as  the  malignant  pustule.  .  ,  ,  .• 

In  other  cases  the  disease  is  contracted  through  the  inhalation 
of  the  dried  spores  into  the  resph-atory  passages.  This  occurs 
oftenest  in  those  who  work  amongst  wool,  fur,  and  rags,  and 


i 


Fig  31.-Bacillus  of  Anthrax  from  skin  vesicle  in  case  of  malignant 

pustule.    X  400  diam. 
a  =  Altered  epithelium  over  small  vesicle.      6=Anthrax  hacilli  in  vesicle. 

a  form  of  acute  pneumonia  of  great  virulence  ensues.  This 
affection  is  known  as  loool-sorter's  disease,  and  is  almost  uni- 

""'There^t'' reason  to  believe  that  infection  may  also  take 
place  by  means  of  spores  ingested  into  the  alimentary  canal  m 
meat  or  milk  deriied  from  diseased  animals,  or  in  infected 
water.  The  symptoms  which  follow  are  those  of  an  acute  and 
severe  gastro-intestinal  affection,  and  the  mesenteric  glands 
become  greatly  enlarged. 
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Clinical  Features  of  Malignant  Pustule. — We  shall  liere 
confine  ourselves  to  the  consideration  of  the  local  lesion  as  it 
occurs  in  the  skin — the  malignant  pustule. 

The  point  of  infection  is  usually  on  an  uncovered  part  of 
the  body,  such  as  the  face,  hands,  arms,  or  back  of  the 
neck,  and  the  wound  may  be  exceedingly  minute.  After  an 
incubation  period  varying  from  a  few  hours  to  three  or  four 
days,  a  small  red  nodule,  surrounded  by  reddish-blue  blisters 
containing  clear  or  blood-stained  fluid,  appears  at  the  seat  of 
inoculation.  This  is  accompanied  by  a  sensation  of  biu'uing 
and  intense  itchiness.  The  blister  soon  bursts  and  forms 
a  black,  dried  slough,  around  which  one  or  more  rings  of 
small  blisters  form.  Outside  this  the  skin  becomes  indurated 
and  swollen,  and  a  widespread  oedema  occurs.  When  the 
seat  of  inoculation  is  in  the  vicinity  of  the  neck,  this 
oedema  may  implicate  the  larynx  and  lead  to  dangerous 
interference  with  respiration.  The  neighbouring  lymphatic 
glands  soon  become  enlarged  and  tender. 

The  risk  to  the  life  of  the  patient  in  malignant  pustule  is 
that  of  the  disease  becoming  generalised  —  anthraccemia. 
When  this  occurs  it  shows  itself  in  the  course  of  forty-eight  to 
sixty  hours  in  the  form  of  fever,  with  a  temperature  of  102° 
to  104°  F.,  severe  pains  in  the  limbs,  diarrhoea,  hsematuria, 
and  great  weakness.  The  patient  is  usually  remarkably  free 
from  anxiety  and  distress,  even  when  dangerously  ill,  and  dies 
in  the  course  of  from  five  to  eight  days  with  symptoms  of 
general  bacterial  intoxication. 

Morbid  Anatomy  of  Malignant  Pustule. — The  central  slough 
is  composed  of  necrosed  tissue  and  altered  blood.  The  sur- 
rounding skin  is  intensely  congested  and  oedematous,  and  the 
stratum  corneum  is  raised  as  a  blister  from  the  rete  Malpighii. 
The  bacilli  are  found  in  the  peripheral  portion  of  the  slough, 
in  the  blisters,  and  in  the  adjacent  lymphatics. 

Differential  Diagnosis. — The  clinical  features  which  have 
been  described  above  serve  to  distinguish  malignant  pustule 
from  an  ordinary  boil  or  carbuncle,  and  from  the  other  acute 
infective  conditions  with  which  it  is  liable  to  be  confused.  In 
doubtful  cases  a  bacteriological  examination  should  be  made. 
Inquiry  should  also  be  made  as  to  the  possibility  of  the  patient 
having  been  in  contact  with  infected  material  either  in  the 
ordinary  course  of  his  occupation  or  in  any  other  way. 

Prognosis.— It  left  to  itself  the  disease  is  frequently  fatal. 
The  mortality  is  greatest  when  the  disease  attacks  the  "face  or 
neck,  and  least  when  the  lower  extremity  is  affected. 
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Prophylaxis. — Any  wound  suspected  of  being  infected  by 
the  anthrax  bacillus  should  at  once  be  cauterised  with  the 
actual  cautery,  or  sponged  over  with  pure  carbolic  acid. 

Treatment. — The  best  results  hitherto  obtained  have  followed 
the  use  of  the  serum  introduced  by  Sclavo,  which  appears  to 
act  by  inducing  a  defensive  phagocytosis,  rather  than  by 
neutralising  toxins.  The  initial  dose  is  40  c.c,  and  if  the 
serum  is  given  early  in  the  disease,  the  beneficial  effects  are 
manifest  in  a  few  hours.  When  the  serum  treatment  is  not 
available,  injections  of  nucleinate  of  soda  (phagocytin)  may 
be  employed  (p.  22). 

The  experience  of  some  observers  seems  to  indicate  that  the 
results  obtained  by  leaving  the  pustule  to  nature  and  merely 
protecting  it  with  an  antiseptic  dressing  are  as  good  as  those 
following  excision  of  the  affected  area  which  was  formerly 
practised. 

The  general  treatment  consists  in  feeding  and  stimulating 
the  patient  as  freely  as  possible.  Quinine,  in  5  to  10  grain 
doses  every  four  hours,  and  powdered  ipecacuanha,  in  40  to  60 
grain  doses  every  four  hours,  have  also  been  employed  with 
apparent  benefit. 

Glanders 

Glanders  is  due  to  the  action  of  a  specific  bacterium,  the 
bacillus  mallei,  which  resembles  the  tubercle  bacillus,  save  that 
it  is  somewhat  shorter  and  broader,  and  does  not  stain  by 
Gram's  method.  It  requires  higher  temperatures  for  its 
cultivation  than  the  tubercle  bacillus,  and  its  growth  on  potato 
is  of  a  characteristic  chocolate-brown  colour,  with  a  greenish- 
yellow  ring  at  the  margin  of  the  growth.  The  bacillus  mallei 
retains  its  vitality  for  long  periods  under  ordinary  conditions, 
but  is  readily  killed  by  heat  and  chemical  agents.  It  does  not 
form  spores. 

Clinical  Features. — Both  in  the  lower  animals  and  in  man 
the  bacillus  gives  rise  to  two  distinct  types  of  disease— aci/^e 
glanders,  and  chronic  glanders  ov  farcy. 

Acute  Glanders  is  most  commonly  met  with  in  the  horse 
and  in  other  equine  animals,  horned  cattle  being  immune.  It 
affects  the  septum  of  the  nose  and  adjacent  parts,  iirm,  trans- 
lucent, greyish  nodules  containing  lymphoid  and  epithelioid 
cells  appearing  in  the  mucous  membrane.  These  nodules 
subsequently  break  down  in  the  centre,  forming  irregular 
ulcers,  which  are  attended  with  profuse  discharge,  and  marked 
inflammatory  swelling.    The  cervical  lymphatic  glands,  as  well 
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as  the  lungs,  spleen,  and  liver,  may  be  the  seat  of  secondary- 
nodules. 

In  vian,  acute  glanders  is  commoner  than  the  chronic  variety. 
Infection  always  takes  place  through  an  abraded  surface, 
and  usually  on  one  of  the  uncovered  parts  of  the  body — 
most  commonly  the  skin  of  the  hands,  arms,  or  face  •  or  on 
the  mucous  membrane  of  the  mouth,  nose,  or  eye.  The 
disease  has  been  acquired  by  accidental  inoculation  in  the 
course  of  experimental  investigations  in  the  laboratory,  and 
proved  fatal.  The  incubation  period  is  from  three  to  five 
days. 

The  local  manifestations  are  pain  and  swelling  in  the  region 
of  the  infected  wound,  with  inflammatory  redness  around  it 
and  along  the  lines  of  the  superficial  lymphatics.  In  the 
course  of  a  week,  small,  firm  nodules  appear,  and  are  rapidly 
transformed  into  pustules.  These  may  occur  on  the  face  and 
in  the  vicinity  of  joints,  and  may  be  mistaken  for  the  eruption 
of  small-pox. 

After  breaking  down,  these  pustules  give  rise  to  irregular 
ulcers,  which  by  their  confluence  lead  to  extensive  destruction 
of  skin.  Sometimes  the  nasal  mucous  membrane  becomes 
aff'ected,  and  produces  a  discharge — at  first  watery,  but  later 
sanious  and  purulent.  Necrosis  of  the  bones  of  the  nose  may 
take  place,  in  which  case  the  discharge  becomes  peculiarly 
ofl"ensive.  In  nearly  every  case  metastatic  abscesses  form  in 
different  parts  of  the  body,  such  as  the  lungs,  joints,  or 
muscles. 

During  the  development  of  the  disease  the  patient  feels  ill, 
complains  of  headache  and  pains  in  the  limbs,  the  temperature 
rises  to  104°  or  even  to  106°  F.,  and  assumes  a  pyasmic  type. 
The  pulse  becomes  rapid  and  weak.  The  tongue  is  dry  and 
brown.  There  is  profuse  sweating,  albuminuria,  and  often 
insomnia  with  delirium.  Death  may  take  place  within  a 
week,  but  more  frequently  occurs  during  the  second  or  third 
week. 

Differential  Diagnosis. — There  is  nothing  characteristic  in 
the  site  of  the  primary  lesion  in  man,  and  the  condition  may, 
during  the  early  stages,  be  mistaken  for  a  boil  or  carbuncle,  or 
for  any  acute  inflammatory  condition.  Later,  the  disease  may 
simulate  acute  articular  rheumatism,  or  may  manifest  all  the 
symptoms  of  acute  septicajmia  or  pyaemia.  The  diagnosis  is 
established  by  the  recognition  of  the  bacillus.  Veterinary 
surgeons  attach  great  importance  to  the  mallein  test  as  a 
means  of  diagnosis  in  animals,  but  in  the  human  subject  its 


136         BACTERIAL  WOUND  INFECTIONS 


use  is  attended  with  considerable  risk  and  is  not  to  be  recom- 
mended. 

Treatment. — Excision  of  the  primary  nodule,  followed  by 
cauterisation  with  a  red-hot  iron  and  sponging  with  pure 
carbolic  acid,  should  be  carried  out,  provided  the  condition  is 
sufficiently  limited  to  render  complete  removal  practicable. 

When  secondary  abscesses  form  in  accessible  situations,  they 
must  be  incised,  scraped,  disinfected,  and  drained.  The 
general  treatment  is  carried  out  on  the  same  lines  as  in  other 
acute  infective  diseases. 

Chronic  Glanders. — In  tlie  horse  the  chronic  form  of 
glanders  is  known  as  farcij,  and  follows  infection  through  an 
abrasion  of  the  skin,  involving  chiefly  the  superficial  lymphatic 
vessels  and  glands.  The  lymphatics  become  indurated  and 
nodular,  constituting  what  veterinarians  call  farcy  pifes  and 
farcy  buds. 

In  man  also  the  clinical  features  of  the  chronic  variety  of 
the  disease  are  somewhat  different  'from  those  of  the  acute 
form.  Here,  too,  infection  takes  place  through  a  broken 
cutaneous  surface,  and  leads  to  a  superficial  lymphangitis 
with  nodular  thickening  of  the  lymphatics  {farcy  buds).  The 
neighbouring  glands  soon  become  swollen  and  indurated.  The 
primary  lesion  meanwhile  inflames,  suppurates,  and,  after 
breaking  down,  leaves  a  large,  irregular  ulcer  with  thickened 
edges  and  a  foul,  purulent  or  bloody  discharge.  The  glands 
break  down  in  the  same  way,  and  lead  to  wide  destruction  of 
skin,  and  the  resulting  sinuses  and  ulcers  are  exceedingly 
intractable.  Secondary  deposits  in  the  subcutaneous  tissue, 
the  muscles,  and  other  parts,  are  not  uncommon,  and  the  nasal 
mucous  membrane  may  become  involved.  The  disease  often 
runs  a  chronic  course,  extending  to  four  or  five  months,  or 
even  longer.  Recovery  takes  place  in  about  50  per  cent._  of 
cases,  but  the  convalescence  is  very  prolonged,  and  at  any  time 
the  disease  may  assume  the  characters  of  the  acute  variety  and 
speedily  prove  fatal. 

The  differential  diagnosis  is  often  very  difficult,  especially  in 
the  chronic  nodules,  in  which  it  may  be  impossible  to  demon- 
strate the  bacillus.  The  ulcerated  lesions  of  farcy  have  to  be 
distinguished  from  those  of  tubercle,  syphilis,  and  other  forms 
of  infective  granuloma. 

Treatme7it.— Limited  areas  of  disease  should  be  completely 
excised.  The  general  condition  of  the  patient  must  be 
improved  by  tonics,  good  food,  and  favourable  hygienic  sur- 
roundings.   In  some  cases  potassium  iodide  acts  beneficially. 
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Actinomycosis 


Actinomycosis  is  a  chronic  disease  due  to  the  action  of  an 
organism  somewhat  higher  in  the  vegetable  scale  than  ordinary 
bacteria — the  streptotlirix  actinomyces  or  ray  fungus. 

Etiology  and  Morhicl  Anatomy. — The  actinomyces,  which 
has  never  been  met  with  outside  the  body,  gives  rise  in  oxen, 
horses,  and  other  animals  to  tumour-like  masses  composed  of 


Fig.  32— Colony  of  Actinomyces.       x400  diam. 
a  =  Filaments  of  streptothrix  actinomyces.        6  =  Pus  cells. 

granulation  tissue ;  and  in  man  to  chronic  suppurative  processes 
which  may  result  in  a  condition  resembling  chronic  pyjemia. 
The  actinomyces  is  more  complex  in  structure  than  other 
pathogenic  organisms,  and  occurs  in  the  tissues  in  the  form  of 
small,  round,  semi-translucent  bodies,  about  the  size  of  a  pin- 
head  or  less,  and  consisting  of  colonies  of  the  fungus.  On 
account  of  ^their  yellow  tint  they  are  spoken  of  as  sulphur 
pains."  Each  colony  is  made  up  of  a  series  of  thin,  inter- 
lacing, and  branching  filaments,  some  of  which  are  broken  up 
so  as  to  form  masses  or  chains  of  cocci;  and  around  the 
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periphery  of  the  colony  are  elongated,  pear-shaped,  hyaline, 
duh-like  bodies  (Fig.  32). 

Infection  is  believed  to  be  conveyed  by  the  husks  of  cereals, 
especially  barley  ;  and  the  organism  has  been  found  adhering  to 
particles  of  grain  embedded- in  the  tissues  of  animals  suffering 
from  the  disease.  In  human  subjects  there  is  often  a  history  of 
exposure  to  infection  from  such  sources,  and  the  disease  is  said 
to  be  most  common  during  the  harvesting  months. 

Around  each  colony  of  actinomyces  is  a  zone  of  granulation 
tissue  in  which  suppuration  usually  occurs,  so  that  the  fungus 
comes  to  lie  in  a  bath  of  greenish-yellow  pus.  As  the  process 
spreads  these  purulent  foci  become  confluent  and  form  abscess 
cavities.  When  metastasis  takes  place,  as  it  occasionally 
does,  the  fungus  is  transmitted  by  the  blood-vessels,  as  in 
pyaemia. 

OUnical  Features.— h\  man  the  disease  may  be  met  with  in 
the  skin,  the  organisms  gaining  access  through  an  abrasion,  and 
spreading  by  the  formation  of  new  nodules  in  the  same  way  as 
tuberculosis. 

The  region  of  the  mouth  and  jaws  is  one  of  the  commonest 
sites  of  surgical  actinomycosis.  Infection  takes  place,  as  a  rule, 
along  the  side  of  a  carious  tooth,  and  spreads  to  the  lower  jaw. 
A  swelling  is  slowly  and  insidiously  developed,  but  when  the 
loose  connective  tissue  of  the  neck  becomes  infiltrated,  the 
spread  is  more  rapid.  The  whole  region  becomes  infiltrated 
and  swollen,  and  the  skin  ultimately  gives  way  and  free 
suppuration  occurs,  resulting  in  the  formation  of  sinuses.  _  ihe 
characteristic  greenish-grey  or  yellow  granules  are  seen  m  the 
pus,  and  when  examined  microscopically  reveal  the  colonies  ot 

actinomyces.  ^   .  ^       a  ^\ 

Less  frequently  the  upper  jaw  becomes  affected,  and  the 
disease  may  spread  to  the  base  of  the  skull  and  bram.  ihe 
vertebrae  may  become  involved  by  infection  taking  place 
through  the  pharynx  or  oesophagus,  and  leading  to  a  condition 
simulating  tuberculous  disease  of  the  spine.  When  it  implicates 
the  intestinal  canal  and  its  accessary  glands,  the  lungs,  pleura 
and  bronchial  tubes,  or  the  brain,  the  disease  is  not  amenable 
to  surgical  treatment.  •  i 

Differential  Diag7iosis.—The  conditions  likely  to  be  mistaken 
for  surgical  actinomycosis  are  sarcoma,  tubercle,  and  sypluUs. 
In  the  early  stages  the  differential  diagnosis  is  exceedingly 
difficult.  In  many  cases  it  is  only  possible  when  suppuration 
has  occurred  and  the  fungus  can  be  demonstrated. 

The  slow  destruction  of  the  affected  tissue  by  suppuration. 
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the  absence  of  pain,  tenderness,  and  redness,  simulate  tuber- 
culosis, but  the  absence  of  glandular  involvement  helps  to 
distinguish  it. 

Syphilitic  lesions  are  liable  to  be  mistaken  for  actinomycosis, 
all  the  more  that  in  both  diseases"  improvement  follows  the 
administration  of  iodides.  When  it  affects  the  lower  jaw,  in  its 
early  stages,  actinomycosis  may  closely  simulate  a  periosteal 
sarcoma. 

The  recognition  of  the  fungus  is  the  crucial  point  in 
diagnosis. 

Prognosis.  —  Spontaneous  cure  rarely  occurs.  When  the 
disease  implicates  internal  organs,  it  is  almost  always  fatal.  On 
external  parts  the  destructive  process  gradually  spreads,  and 
the  patient  eventually  succumbs  to  superadded  septic  infection. 
When,  from  its  situation,  the  primary  focus  admits  of  removal, 
the  prognosis  is  more  favourable. 

Treatment. — The  only  surgical  treatment  is  early  and  free 
removal  of  the  affected  tissues,  after  which  the  wound  is- 
cauterised  by  the  actual  cautery,  and  sponged  over  with  pv;re 
carbolic  acid.  The  cavity  is  packed  with  iodoform  gauze,  no- 
attempt  being  made  to  close  the  wound. 

Success  has  attended  the  use  of  a  vaccine  prepared  from 
cultures  of  the  organism ;  and  the  X-rays,  combined  with  the 
administration  of  iodides  in  large  doses,  or  with  intra-muscular 
injections  of  a  10  per  cent,  solution  of  cacodylate  of  soda,  have 
proved  of  benefit. 

Mycetoma,  or  Madura  Foot.— Mycetoma  is  a  chronic  disease  due 
to_  an  organism  resembling  that  of  actinomycosis,  but  not  identical 
with  it.  It  is  endemic  in  certain  tropical  countries,  and  is  most  fre- 
quently met  with  in  India.  Infection  takes  place  through  an  abrasion 
of  the  skin,  and  the  disease  usually  occurs  on  the  feet  of  adult  males  who 
work  barefooted  in  the  fields. 

Clinical  Features.— The  disease  begins  on  the  foot  as  an  indurated 
patch,  which  becomes  discoloured  and  permeated  by  black  or  yellow 
nodules  containing  the  organism.  These  nodules  spread  through  the 
foot,  break  down  by  suppuration,  and  numerous  minute  abscesses  lined 
by  granulation  tissues  are  thus  formed.  In  the  pus  are  found  yellow 
particles  likened  to  fish-roe,  or  black  pigmented  granules  like  gun- 
powder. Sinuses  form,  and  the  whole  foot  becomes  greatly  swollen 
and  distorted  by  flattening  of  the  sole  and  dorsiflexion  of  the  toes. 
Areas  of  caries  or  necrosis  occur  in  the  bones  of  the  foot,  and  the 
disease  gradually  extends  up  the  leg.  There  is  but  little  pain,  and 
no  glandular  involvement  or  constitutional  disturbance.  The  disease 
runs  a  prolonged  course,  sometimes  lasting  for  twenty  or  thirty  years. 
Spontaneous  cure  never  takes  place,  and  the  risk  to  life  is  that  of 
prolonged  suppuration. 

If  the  disease  is  localised,  it  may  be  removed  by  the  knife  or  sharp 
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spoon,  and  the  part  afterwards  cauterised.  As  a  rule,  amputation  well 
above  tlie  disease  is  the  best  line  of  treatment.  Unlike  actinomycosis, 
this  disease  does  not  appear  to  be  benefited  by  iodides. 

Delhi  Boil.— ,S'i/Mo?t2/ins— Aleppo  boil,  Biskra  button,  Furunculus 
orientalis,  Natal  sore. 

Delhi  boil  is  a  chronic  inflammatory  disease,  most  commonly  met  with 
in  India,  especially  towards  the  end  of  the  wet  season.  The  disease 
occurs  oftenest  on  the  face,  and  is  believed  to  be  due  to  an  organism, 
although  this  has  not  been  demonstrated.  The  infection  is  supposed 
to  be  conveyed  through  water  used  for  washing,  or  by  the  bites  of 

lUSGCtS. 

Clinical  Features.— k  red  spot,  resembling  the  mark  of  a  mosquito  bite, 
appears  on  the  aflected  part,  and  is  attended  with  itching.    After  be- 


Fig.  33.— Mycetoma,  or  Madura  Foot. 
(Museum  of  Royal  College  of  Surgeons,  Edinburgh.) 

coming  papular  and  increasing  to  the  size  of  a  pea,  desquamation  takes 
place,  leaving  a  dull-red  surface,  over  which  in  the  course  of  several 
weeks  there  develops  a  series  of  small  yellowish-white  spots,  from  which 
serum  exudes,  and,  drying,  forms  a  thick  scab.  Under  tins  scab  the 
skin  ulcerates,  leaving  small  oval  sores  with  sharply  bevelled  edges, 
and  an  uneven  floor  covered  with  yellow  or  sanious  pus.  These  sores 
vary  in  number  from  one  to  forty  or  fifty.  They  may  last  for  months 
and  then  heal  spontaneously,  or  may  continue  to  spread  until  arrested 
by  suitable  trcatmeut.  There  is  no  enlargement  of  adjacent  glands,  and 
but  little  inflammatory  reaction  in  tho  surrounding  tissues  ;  nor  is  there 
any  marked  constitutional  disturbance.  Recovery  is  often  followed  by 
cicatricial  contraction  leading  to  deformity  of  the  face. 

The  treatment  consists  in  destroying  the  original  papule  by  the  actua  I 
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cautery,  acid  nitrate  of  mercury,  or  pure  carbolic  acid.  The  ulcers  should 
be  scraped  with  the  sharp  spoon,  and  cauterised. 

Chigoe  — Chit'oe  or  jigger  results  from  the  introduction  of  the  eggs 
of  the  sixnd-ilGAPnlexpenetra7is)  into  the  tissues.  It  occurs  in  tropical 
Africa,  South  America,  and  the  West  Indies.  The  impregnated  female 
flea  remains  attached  to  the  part  till  the  eggs  mature,  when  by  then- 
irritation  they  cause  localised  inHammation  with  pustules  or  vesicles  on 
the  surface.  Children  are  most  commonly  attacked,  particularly  about 
the  toe-nails  and  on  the  scrotum.  The  treatment  consists  m  picking  out 
the  insect  with  a  blunt  needle,  special  care  being  taken  not  to  break  it 
up.  The  puncture  is  then  cauterised.  The  application  of  essential  oils 
to  the  feet  acts  as  a  preventive.  _  . 

Poisoning  by  Insects.  —  The  bites  of  certain  insects,  such  as 
mosquitoes,  midges,  different  varieties  of  flies,  wasps,  and  spiders,  may 
be  followed  by  serious  complications.  The  effects  are  mainly  due  to  the 
injection  of  an  irritant  acid  secretion,  the  exact  natui'e  of  which  has  not 

The  local  lesion  is  a  puncture,  surrounded  by  a  zone  of  hypera;mia, 
wheals,  or  vesicles,  and  is  associated  with  burning  sensations  and  itchmg, 
which  usually  pass  off  in  a  few  hours,  but  may  recur  at  intervals, 
especially  when  the  patient  is  warm  in  bed.  Scratching  also  reproduces 
the  local  signs  and  symptoms.  Where  the  connective  tissue  is  loose— for 
example,  in  the  eyelid  or  scrotum— there  is  often  considerable  swelling  ; 
and  in  the  mouth  and  fauces  this  may  lead  to  ajdema  of  the  glottis, 
which  may  prove  fatal. 

The  treatment  consists  in  the  local  application  of  dilute  alkalies  such  as 
ammonia  water,  solutions  of  carbonate  or  bicarbonate  of  soda,  or  sal- 
volatile.  Weak  carbolic  lotions,  or  lead  and  opium  lotion,  are  useful  in 
allaying  the  local  irritation.  One  of  the  best  means  of  neutralising  the 
poison  is  to  apply  to  the  sting  a  drop  of  a  mixture  containing  equal  parts  of 
pure  carbolic  acid  and  liquor  ammonise. 

Free  stimulation  is  called  for  when  severe  constitutional  symptoms  are 
present. 

Snake-Bites. — We  are  here  only  concerned  with  the  injuries  inflicted 
by  the  venomous  varieties  of  snakes,  the  most  important  of  which  are 
the  hooded  snakes  of  India,  the  rattle-snakes  of  America,  the  horned 
snakes  of  Africa,  the  viper  of  Europe,  and  the  adder  of  the  United  Kingdom. 

While  the  virulence  of  these  creatures  varies  widely,  they  are  all 
capable  of  producing  in  a  greater  or  less  degree  symptoms  of  acute 
poisoning  in  man  and  other  animals.  By  means  of  two  recurved  fangs 
attached  to  the  upper  jaw,  and  connected  by  a  duct  with  poison-secreting 
glands,  they  introduce  iuto  their  prey  a  thick,  transparent,  yellowisli 
fluid,  of  acid  reaction,  probably  of  the  nature  of  an  albumose,  and  known 
as  the  venom. 

The  clinical  features  resulting  from  the  injection  of  the  venom  vary 
directly  in  intensity  with  the  amount  of  the  poison  introduced,  and  the 
rapidity  with  which  it  reaches  the  circulating  blood,  being  most  marked 
when  it  immediately  enters  a  large  vein.  The  poison  is  innocuous  when 
taken  into  the  stomach. 

Locally  the  snake  inflict.?  a  double  wound,  passing  vertically  into  the 
subcutaneous  tissue  ;  the  edges  of  the  punctures  arc  ecchyniosed,  and  the 
adjacent  vessels  the  seat  of  thrombosis.  Immediately  there  is  intense 
pain,  and  considerable  swelling  with  congestion,  which  tends  to  spread 
towards  the  trunk.  Extensive  gangrene  may  ensue.  There  is  no  special 
involvement  of  the  lymphatics. 
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The  general  synvptoms  may  come  on  at  once  if  the  snake  is  a  particu- 
larly venomous  one,  or  not  ibr  some  hours  if  less  virulent.  In  the 
majority  of  viper  or  adder  bites  the  constitutional  disturbance  is  slight 
and  transient,  if  it  appears  at  all.  Snake-bites  in  children  are  particu- 
larly dangeroiis. 

The  patient's  condition  is  one  of  profound  shock  with  faintness, 
giddiness,  dimness  of  sight,  and  a  feeling  of  great  terror.  The  pupils 
dilate,  the  skin  becomes  moist  with  a  clammy  sweat,  and  nausea  with 
vomiting,  sometimes  of  blood,  ensues.  High  fever,  cramps,  loss  of 
sensation,  haematuria,  and  melfena  are  among  the  other  symptoms  that 
may  be  present.  The  pulse  becomes  feeble  and  rapid,  the  respirator}' 
nerve  centres  are  profoundly  depressed,  and  delirium  followed  by  coma 
usually  precedes  the  fatal  issue,  which  may  take  place  in  from  five  to 
forty-eight  hours.  If  the  patient  survives  for  two  days  the  prognosis  is 
favourable. 

Treatment. — A  broad  ligature  should  be  tied  tightly  round  the  limb 
above  the  seat  of  infection,  to  prevent  the  poison  passing  into  the  general 
circulation,  and  bleeding  from  the  wound  should  be  encouraged.  The 
application  of  an  elastic  bandage  from  above  downward  to  empty  the 
blood  out  of  tlie  infected  portion  of  the  limb  has  been  recommended. 
The  whole  of  the  bite  should  at  once  be  excised,  and  crystals  of  per- 
manganate of  potash  rubbed  into  the  wound  until  it  is  black,  or 
peroxide  of  hydrogen  applied  with  the  object  of  destroying  the  poison 
by  oxidation. 

The  general  treatment  consists  in  free  stimulation  with  whisky, 
brandy,  ammonia,  digitalis,  etc.  Hypodermic  injections  of  strychnin 
in  doses  sufficiently  large  to  produce  a  slight  degree  of  poisoning  by 
the  drug  are  particularly  useful.  The  most  rational  treatment,  when 
it  is  available,  is  the  use  of  the  antivenin  introduced  by  Fraser  and 
Calmette. 
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Definition  of  tuberculous  disease — Tubercle  bacilli — Methods  of  infection 
— Inherited  and  acquired  predisposition — Action-'  of  the  bacillus 
upon  the  tissues — Tuberculous  granulation  tissue — Natural  cure — 
Recrudescence  of  the  disease — The  Tuberculous  Abscess — Con- 
tents and  wall  of  the  abscess — Tuberculous  sinuses. 

The  term  tuberculosis  is  applied  generically  to  tlie  various 
pathological  conditions  which  result  from  the  action  of  the 
tubercle  bacillus — the  organism  proved  to  be  the  cause  of 
tubercle  by  Koch  in  1882.  The  diseases  produced  by  this 
organism  are  spoken  of  as  tuberculous,  and  as  this  term 
indicates  the  essential  nature  of  the  affection,  it  is  to  be 
preferred  to  the  terms  "strumous"  and  " scrofulous "  previously 
employed. 

Tuberculosis  may  be  met  with  in  any  of  the  tissues  or  organs 
of  the  body,  but  it  occurs  more  frequently  in  some  situations 
than  in  others.  It  is  very  common,  for  example,  in  lymphatic 
glands,  in  bones  and  joints,  in  the  peritoneum,  the  intestine, 
the  kidney,  prostate  and  testis,  and  in  the  skin  and  sub- 
cutaneous cellular  tissue.  It  is  seldom  met  with  in  the  breast 
or  in  muscles,  and  it  rarely  affects  the  ovary,  the  pancreas,  the 
parotid,  or  the  thyroid. 

Tuherde  bacilli  occur  as  straight  or  slightly  curved  rods, 
measuring  about  3  /x  by  -3  /x  (Fig.  34).  They  have  no  power 
of  movement.  It  is  as  yet  undecided  whether  or  not  they 
form  spores.  Their  virulence  varies  widely,  and  they  are 
more  tenacious  of  life  than  the  common  pyogenic  bacteria. 
In  a  dry  state,  for  example,  they  can  retain  their  vitality  for 
months ;  and  they  can  also  survive  immersion  in  water  for 
prolonged  periods.  They  resist  the  action  of  the  products  of 
putrefaction  for  a  considerable  time,  and  are  not  destroyed  by 
digestive  processes  in  the  stomach  and  intestine.  They  may 
be  killed  in  a  few  minutes  by  immersion  in  1  in  20  carbolic 
lotion,  by  boiling,  or  by  exposure  to  steam  under  pressure. 
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"The  great  multiplying  ground  of  tubercle  bacilli  is  the 
animal  body,  and  tuberculous  tissues  and  secretions  containing 
the  bacilli  are  the  chief,  if  not  the  only  means  by  which  the 
disease  is  spread.  The  bacilli  leave  the  body  in  large  numbers 
in  the  sputum  of  phthisical  patients,  and  when  the  sputum 
becomes  dried  and  pulverised  they  are  set  free  in  the  air. 
Their  presence  in  the  air  of  rooms  inhabited  by  consumptive 
patients  has  been  repeatedly  demonstrated.    So  far  as  the 


Fig.  34.— Tubercle  bacilli  in  Pus  from  Urine  in  case  of  genito-urinary 
tuberculosis,    x  1000  diam. 

a  =  Pus  cell.  6  =  Clump  of  tubercle  bacilli. 

c  =  Small  bacilli— probably  B.  urea. 


human  subject  is  concerned,  the  great  means  of  disseminating 
the  bacilli  in  the  outer  world  is  dried  phthisical  sputum. 
Another  source  of  infection,  especially  in  children,  is  the  milk 
of  cows  affected  with  tuberculosis  of  the  udder."  ^ 

In  marked  contrast  to  what  obtains  in  the  infective  diseases 
which  have  already  been  described,  tuberculosis  rarely  results 
from  the  infection  of  a  wound  on  the  surface  of  the  body. 
In  exceptional  instances,  however,  this  does  occur,  and  in 
1  Muir  and  Ritchie,  Manual  of  Bacteriology. 
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illustration  of  the  fact  may  be  cited  the  case  of  a  servant 
girl  who  cut  her  finger  with  a  broken  spittoon  containing  the 
sputum  of  her  consumptive  master  ;  the  wound  subsequently 
showed  evidence  of  tuberculous  infection,  which  ultimately 
spread  up  along  the  lymphatic  vessels  of  the  arm.  Pathologists, 
too,  whose  hands,  unless  they  are  protected  by  rubber  gloves, 
are  frequently  exposed  to  the  contact  of  tuberculous  tissues 
and  pus,  are  liable  to  suffer  from  a  form  of  tuberculosis 
of  the  skin  of  the  finger,  known  as  anatomical  tubercle. 
Slight  wounds  of  the  feet  in  children  who  go  about  barefoot 
in.  towns  sometimes  become  infected  with  tubercle.  Operation 
wounds  made  with  instruments  contaminated  with  tuberculous 
material  have  also  been  known  to  become  infected.  It  is 
highly  probable  that  the  common  form  of  tuberculosis  of  the  skin 
known  as  "  lupus  "  arises  by  direct  infection  from  without. 

In  the  vast  majority  of  cases  the  tubercle  bacillus  gains 
entrance  to  the  body  by  way  of  the  mucous  surfaces,  the 
organisms  being  either  inhaled  or  swallowed. 

The  respiratory  mucous  meinbrane,  from  the  nose  and  mouth 
to  the  terminations  of  the  air-tubes  in  the  lungs,  is  constantly 
exposed  to  infection  by  the  inhalation  of  air  laden  with  dust 
and  other  minute  particles  to  which  the  virus  is  adherent. 
Bacilli  are  especially  apt  to  lodge  about  the  pharynx  and 
pass  to  the  pharyngeal  lymphoid  tissue  and  tonsils,  and  by 
way  of  the  lymphatic  vessels  to  the  glands.  The  glands 
most  frequently  infected  in  this  way  are  the  cervical  glands, 
and  those  within  the  cavity  of  the  chest— particularly  the 
bronchial  glands  at  the  root  of  the  lung. 

The  entrance  of  the  bacilli  into  one  or  other  of  these  groups 
of  glands  may  result  in  active  tuberculous  disease  of  the  infected 
group.  On  the  other  hand,  there  is  reason  to  believe  that  the 
organisms  may  lie  in  a  dormant  or  latent  condition  for  an 
almost  indefinite  period,  and  only  become  active  long  after- 
wards, when  some  general  depression  of  the  patient's  health 
produces  conditions  which  favour  their  growth.  When  the 
organisms  become  active  in  this  way,  the  tuberculous  tissue 
undergoes  softening  and  disintegration,  and  the  infective 
material  may  erupt  into  an  adjacent  vein,  and  thus  enter 
tne  general  circulation,  and  be  carried  by  the  blood-stream  to 
distant  parts  of  the  body,  and  so  give  rise  either  to  a  localised 
tubercu  osis  where  they  lodge,  or  to  a  general  tuberculosis. 
iJie  initial  infection  of  the  lymphatic  glands  within  the  chest 
being  unattended  with  any  external  or  clinical  evidence  of  its 
occurrence,  remains  unrecognised  and  unsuspected,  and  the 
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patient,  usually  a  child,  may  present  the  appearances  of 
even  robust  health.  At  any  subsequent  period,  however, 
tuberculous  disease  may  make  its  appearance  in  some  tissue  of 
the  body — for  example,  in  a  bone  or  joint,  in  the  kidney  or 
testicle,  or  in  the  membranes  of  the  brain.  Many  tuberculous 
patients  are  to  be  regarded  as  possessing  in  their  bronchial 
glands,  or  elsewhere,  an  internal  store  of  bacilli,  to  which  the 
disease  for  which  advice  is  sought  owes  its  origin,  and  from 
which  similar  outbreaks  of  tuberculosis  may  originate  in  the 
future. 

The  alimentary  mucous  membrane,  especially  that  oi  tne 
lower  ileum  and  csecum,  is  exposed  to  infection  by  swallowed 
sputum  and  by  food  materials,  such  as  milk,  containing  tubercle 
bacilli.    The  organisms  may  lodge  in  the  mucous  membrane 
and  cause  tuberculous  ulceration,  or  they  may  be  carried 
through  the  wall  of  the  bowel  into  the  lacteals,  along  which 
they  pass  to  the  mesenteric  glands.    There  they  may  become 
arrested  and  give  rise  to  tuberculous  disease  of  the  glands; 
or  they  may  become  active  at  a  subsequent  period,  or  lie 
dormant  indefinitely.     It  may  happen  that  the  bacilU  from 
a  tuberculous  mesenteric  gland  are  carried  by  way  of  the 
receptacle  of  the  chyle  and  the  thoracic  duct  into  the  general 
circulation,  and  in  this  way  infect  distant  parts  of  the  body, 
or  give  rise  to  general  tuberculosis.    In  some  cases  the  trans- 
ference of  the  infective  material  is  more  direct— for  example, 
when  a  softened  mesenteric  gland  erupts  into  a  contiguous 
vein  and  so  infects  the  circulating  blood,  or  erupts  on  to  the 
peritoneum  covering  the  mesentery  and  sets  up  a  tuberculous 
peritonitis. 

Predisposition  to  Tuberculosis.— That  some  persons  are 
more  prone  to  become  the  subjects  of  tuberculosis  than  others, 
is  evident  from  the  fact  that  while  under  the  existing  con- 
ditions of  civiHsed  life  all  are  exposed  to  the  infection,  only  a 
comparatively  small  number  acquire  the  disease.  The  precise 
conditions  that  favour  the  entrance,  lodgment,  and  growth  of 
the  bacilli  in  those  predisposed  to  the  disease  are  somewhat 
uncertain.  It  may  be  that  there  is  some  peculiarity  of  the 
tissues  which  renders  them  a  specially  suitable  soil  for  the 
organisms,  or  that  the  patient's  power  of  resisting  the  invasion 
of" the  virus  is  abnormally  low.  In  any  case,  with  regard  to 
the  etiology  of  tuberculosis,  this  predisposition  is  to  be  looked 
upon  as  a  factor  second  in  importance  only  to  the  presence  of 
the  bacilli  themselves.  In  some  cases  the  predisposition  is 
inherited,  in  others  it  is  acquired. 
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Those  who  inherit  the  predisposition  usually  belong  to 
families  in  which  the  disease  is  specially  rife,  and  although  as 
children  they  may  have  all  the  appearance  of  being  healthy 
and  even  robust,  if  exposed  to  infection  they  are  much  more 
liable  to  contract  tuberculosis  than  are  members  of  families 
in  which  the  disease  is  unknown.  Children  are  seldom  born 
with  tuberculous  lesions,  and  in  the  recorded  cases  of  congenital 
tuberculosis  there  has  almost  always  been  tuberculous  disease 
in  the  placenta. 

There  is  abundant  evidence  that  the  common  diseases  of 
infancy  and  childhood, — such,  for  example,  as  whooping-cough, 
measles,  influenza,  bronchial  catarrh,  broncho-pneumonia,  and 
rickets, — by  impairing  the  general  health  and  lowering  the 
resisting  powers  of  the  individual,  exert  an  important  influ- 
ence in  producing  an  acquired  predisposition  to  tuberculosis. 
Tuberculous  affections  frequently  date  from  an  attack  of  one 
or  other  of  these  illnesses,  the  inflamed  and  catarrhal  condition 
of  the  respiratory  and  other  mucous  membranes  doubtless 
favouring  the  occurrence  of  tuberculous  infection.  Confine- 
ment in  crowded  dwellings,  schoolrooms,  workshops,  and 
factories  is  also  injurious,  as  it  entails  the  breathing  of  impure 
air  which  may  be  contaminated  with  tubercle  bacilli.  In- 
sufficient and  improper  feeding,  by  lowering  the  general 
vitality  and  by  leading  to  impairment  of  digestion  and 
catarrhal  changes  in  the  alimentary  mucous  membranes,  has 
also  a  prejudicial  influence. 

In  practice  it  is  not  uncommon  to  meet  with  a  combination 
of  the  above-mentioned  predisposing  factors,  all  conspiring  to 
render  the  soil  more  favourable  to  the  growth  of  tubercle. 

Any  tissue  whose  vitality  has  been  lowered  by  injury  or 
disease  furnishes  a  favourable  nidus  for  the  lodgment  and 
growth  of  tubercle  bacilli.  The  injury  or  disease,  however, 
IS  to  be  looked  upon  as  determining  the  localisation  of  the 
tuberculous  lesion  rather  than  as  an  essential  factor  in  its 
causation.  In  a  person,  for  example,  in  whose  blood  tubercle 
bacilli  are  circulating  and  reaching  every  tissue  and  organ  of 
the  body,  the  occurrence  of  tuberculous  disease  in  a  particular 
part  may  be  determined  by  the  depression  of  the  tissues 
resulting  from  an  injury  of  that  part. 

Statistics  show  that  the  largest  number  of  cases  of  surgical 
tuberculosis  are  met  with  between  the  ages  of  five  and  fifteen 
At  the  same  time,  this  apparent  excessive  frequency  durincr  the 
early  years  of  life  is  partly  accounted  for  by  the  correspomUn<T]y 
larger  number  of  individuals  alive  during  these  years.  Stared 
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in  another  way,  tuberculosis  may  be  comparatively  rare  above 
the  age  of  seventy,  but  so  are  people.  It  must  be  emphasised 
that  tuberculosis  maybe  met  with  at  any  period 'of  life;  the 
mere  fact  that  a  patient  is  up  in  years  is  not  a  sufficient 
reason  for  excluding  the  possibility  of  a  given  lesion  being 
tuberculous.  In  children  and  young  adults,  surgical  tuber- 
culosis is  not  only  pre-eminently  curable,  but  shows  a  marked 
tendency  towards  spontaneous  recovery  if  the  patient  is  placed 
under  favourable  conditions.  The  reparative  process  is  an 
exceedingly  slow  one,  and  the  treatment  demands  patience  and 
perseverence  alike  from  the  patient  and  from  the  surgeon. 
In  patients  past  the  prime  of  life,  however,  there  is  little 
tendency  to  natural  recovery  from  tuberculous  affections, 
and  if  any  operation  is  performed  it  must  be  of  a  radical 

While'it  is  a  fact  that  males  are,  on  the  whole,  more  often 
affected  than  females,  the  influence  of  sex  in  predisposing  to 
tuberculosis  is  not  understood. 

Human  and  Bovine  Tuberculosis.— The  view  that  human 
and  bovine  tuberculosis  are  distinct  from  one  another  was 
promulgated  by  Koch  at  the  beginning  of  the  present  century ; 
since  then  it  has  been  made  the  subject  of  mquiry  by  many 
investigators  and  by  a  Royal  Commission,  whose  report  has 

-just  been  issued. 

It  has  been  established  that  while  the  human  and  the 
bovine  types  of  bacillus  are  morphologically  indistinguishable, 
they  differ  both  in  their  cultural  characters  and  m  their 
pathotrenic  effects.  The  chief  difference  in  cultural  characters 
is  that  the  human  type  shows  a  greater  luxuriance  of  growth 
on  all  ordinary  media.  As  regards  their  pathogenic  characters, 
the  bovine  type  produces  a  fatal  tuberculosis  m  cattle,  goats, 
pi<Ts,  monkeys,  and  rabbits;  and  the  human  type,  while  it 
produces  a  fatal  tuberculosis  in  guinea-pigs  and  monkeys 
causes  only  slight  non-progressive  lesions  m  cattle,  goats,  and 

Attempts  to  transmute  the  one  type  of  bacillus  into  the 
other  have  hitherto  failed,  but  the  possibility  of  such  trans- 
mutation under  natural  conditions  cannot  be  denied. 

The  fact  must  be  emphasised  that  in  a  considerable  pro- 
portion of  cases  of  tuberculous  disease  in  man  the  lesions 
are  caused  by  bacilli  of  the  bovine  type ;  the  majority^  ot 
these  cases  are  met  with  in  childhood,  affecting  the  cervical 
lymphatic  glands,  the  bones,  and  the  abdominal  viscera. 
Hence   the   practical    importance   of    strict  administrative 
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measures  to  prevent  tlie  risk  of  infection  from  milk  and 
meat  derived  from  tuberculous  animals. 

Changes  in  the  tissues  following  upon  the  successful 
Lodgment  of  Tubercle  Bacilli. — The  action  of  the  bacillus  on 
the  tissues  is  twofold :  on  the  one  hand,  by  its  irritation  it 
induces  tissue  reaction  in  the  form  of  proliferative  changes  and 
leucocyte  infiltration ;  and,  on  the  other,  it  causes  in  the  cells 
around  degenerative  changes  which  ultimately  result  in  their 
death. 

The  area  of  tissue  infected  becomes  the  seat  of  a  chronic 
inflammation,  attended  with  the  formation  of  a  friable, 
gelatinous  granulation  tissue.  This  may  be  collected  into 
circumscribed  nodules  or  "  tubercles,"  or  it  may  be  ill-defined, 
difliise,  and  infiltrating.  This  granulation  tissue  presents 
characteristic  histological  elements — for  example,  large  cells, 
often  with  more  than  one  nucleus,  spoken  of  as  endothelioid 
cells;  and  still  larger  cells,  known  as  gicmt  cells.  There  are 
also  large  numbers  of  small  round  cells  which  resemble  the 
leucocytes  of  the  blood  and  lymph.  It  is  further  characteristic 
of  tuberculous  granulation  tissue  that  it  tends  to  undergo  certain 
forms  of  degeneration  and  death,  of  which  the  most  common  is 
caseation.  This  implies  the  conversion  of  the  tissue  into  an 
amorphous,  pale-yellow  or  whitish  material  resembling  cheese. 
The  degeneration  and  death  of  the  granulation  tissue  is  due 
partly  to  the  toxins  and  partly  to  obliteration  of  the  blood- 
vessels. Lime  salts  may  subsequently  be  deposited  in  this 
material — a  change  known  as  calcification. 

The  recognition  of  the  characteristic  elements  above  described, 
with  or  without  caseation,  is  usually  sufficient  evidence  of  the 
tuberculous  nature  of  any  portion  of  tissue  examined  for 
diagnostic  purposes.  The  recognition  of  the  bacillus  itself  by 
appropriate  methods  of  staining  makes  the  diagnosis  a  certainty; 
but  as  it  is  by  no  means  easy  to  identify  the  orgahism  in  many 
forms  of  surgical  tuberculosis,  it  may  be  necessary  to  have  re- 
course to  experimental  inoculation  of  susceptible  animals  such 
as  guinea-pigs. 

The  changes  subsequent  to  the  formation  of  tuberculous 
granulation  tissue  are  liable  to  many  variations.  It  must 
always  be  borne  in  mind  that  although  the  bacilli  have  effected 
a  lodgment  and  have  inaugurated  disease,  the  relation  between 
them  and  the  tissues  remains  one  of  mutual  antagonism  ;  which 
ot  them  is  to  gain  and  keep  the  upj^er  hand  in  the  conflict 
depends  on  their  relative  powers  of  resistance. 

If  the  tissues  prevail,  there  ensues  a  process  of  repair.  In 
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the  immediate  vicinity  of  the  area  of  infection  young  connective 
tissue,  and  later,  fibrous  tissue,  is  formed.  This  may  entirely 
replace  the  tuberculous  tissue  and  bring  about  repair — a  fibrous 
cicatrix  remaining  to  mark  the  scene  of  the  previous  contest. 
Scars  of  this  nature  are  not  infrequently  discovered  at  the  apex 
of  the  lung  after  death  in  patients  who  have  at  one  time  sufi'ered 
from  pulmonary  phthisis.  Under  other  circumstances,  the 
tuberculous  tissue  which  has  undergone  caseation,  or  even 
calcification,  is  only  encapsulated  by  the  new  fibrous  tissue, 
like  a  foreign  body.  Although  this  may  be  regarded  as  a 
victory  for  the  tissues,  the  cure,  if  such  it  may  be  called,_  is 
not  necessarily  a  permanent  one,  for  at  any  subsequent  period 
of  life,  if  the  part  affected  is  disturbed  by  injury  or  through 
some  other  influence,  the  encapsulated  tubercle  may  again 
become  active  and  get  the  upper  hand  of  the  tissues,  and 
there  results  a  relapse  or  recrudescence  of  the  disease. 

If,  however,  at  the  inauguration  of  the  tuberculous  disease 
the  'bacilli  prevail,  the  infection  tends  to  spread  into  the 
tissues  surrounding  those  originally  infected,  and  more  and 
more  tuberculous  granulation  tissue  is  formed.  Finally  the 
tuberculous  tissue  breaks  down  and  liquefies,  resulting  m  the 
formation  of  a  cold  abscess.  In  their  struggle  with  the  tissues, 
tubercle  bacilli  receive  considerable  support  and  assistance 
from  any  pyogenic  organisms  that  may  be'  present.  A  tuber- 
culous infection  may  exhibit  its  aggressive  qualities  m  a  more 
serious  manner  by  sending  off  detachments  of  bacilli,  which 
are  carried  by  the  lymphatics  to  the  nearest  glands,  or  by 
the  blood-stream  to  more  distant,  and  it  may  be  to  all,  parts 
of  the  body.  When  the  infection  is  thus  generahsed,  the 
condition  is  called  general  tuberculosis.  Considering  the  extra- 
ordinary frequency  of  localised  forms  of  surgical  tuberculosis, 
general  dissemination  of  the  disease  is  very  rare. 

The  clinicM  features  of  surgical  tuberculosis  will  be  described 
with  the  individual  tissues  and  organs,  as  they  vary  so  widely 
according  to  the  situation  of  the  lesion. 

The  Use  of  Tuberculin  in  Diagnosis.— If  a  subcutaneous 
injection  of  Koch's  tuberculin,  which  is  a  concentrated  extract 
of  dead  tubercle  bacilli,  is  given  to  a  tuberculous  person,  it  is 
followed  by  a  severe  reaction  which  is  not  altogether  devoid 
of  danger.  The  original  tuberculin  test  is  still  used  as  a  means 
of  diagnosing  tuberculous  disease  in  cattle,  but  it  has  had  to 
be  modified  in  different  ways  for  use  in  the  human  subject. 

Von   Pirqiiet's   cutaneous    reaction    is    the    most  easily 
managed  of  all  the  tuberculin  tests.    Koch's  original  tuber- 
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culiu  is  used  iu  a  dilution  of  25  per  cent.,  and  the  inner 
aspect  of  the  forearm  is  selected  as  the  seat  of  inoculation. 
The  skin  is  scratched  with  a  lancet  or  needle  as  in  vaccinating, 
and  two  excoriations  separated  from  each  other  hy  at  least 
5  cms.  should  be  made  ;  a  few  drops  of  the  solution  are  gently- 
rubbed  over  the  surface,  using  a  small  tampon  of  cotton  wool 
in  catch  forceps.  A  third  excoriation  into  which  saline  solu- 
tion is  rubbed,  should  be  made  as  a  "  control."  In  tuberculous 
persons  a  papule  appears  in  from  six  to  twenty  hours,  and  in 
forty-eight  hours  this  becomes  a  round  or  coffee-bean  shaped, 
raised  hyperaemic  papule,  surrounded  by  a  bright  red  zone  of 
the  size  of  a  florin.  The  formation  of  these  two  zones  is  to  be 
looked  upon  as  the  most  reliable  evidence  of  a  positive  reaction. 
Kesolution  begins  about  the  fourth  to  the  sixth  day,  and  in 
about  eight  to  ten  days  the  swelling  has  disappeared,  but 
pigmentation  remains  for  some  months.  In  doubtful  cases 
the  inoculation  should  be  repeated.  The  method  has  the 
advantage  of  causing  no  pain,  no  increase  of  temperature,  and 
of  being  universally  applicable.  In  our  experience  a  negative 
reaction  is  almost  conclusive  proof  that  the  lesion  is  not  tuber- 
culous, as  a  tuberculous  subject  seldom  fails  to  give  a  positive 
reaction.  It  is  not  uncommon  to  obtain  a  positive  reaction  in 
patients  suffering  from  diseases  other  than  tuberculosis. 

The  general  treatment  consists  in  combating  the  adverse 
influences  that  have  been  mentioned  as  increasing  the  liability 
to  tuberculous  infection.  Within  recent  years  the  value  of  the 
"open-air"  treatment  has  been  widely  recognised.  An  open- 
air  life,  even  in  the  centre  of  a  city,  may  be  followed  by 
marked  improvement,  especially  in  the  hospital  class  of  patient, 
whose  home  surroundings  tend  to  favour  the  progress  of  tuber- 
culox;s  disease.  The  purer  air  of  places  away  from  centres  of 
population  is  still  better ;  and,  according  to  the  idiosyncrasies 
of  the  individual  patient,  mountain  air  or  that  of  the  seacoast 
may  be  preferred.  In  view  of  the  possible  discomforts  and 
gastric  disturbance  which  may  attend  a  sea-voyage,  this  should 
be  recommended  to  patients  suffering  from  tuberculous  lesions 
with  more  caution  than  has  hitherto  been  exercised.  The  diet 
must  be  a  liberal  one,  and  should  include  those  articles  which 
are  at  the  same  time  easily  digested  and  nourishing,  especially 
proteids  and  fats  ;  milk  obtained  from  a  reliable  source,  -and 
underdone  butcher-meat  are  among  the  best.  When  the 
ordinary  nourishment  taken  is  insufficient,  it  may  be  supple- 
mented by  such  articles  as  malt  extract,  stout,  and  cod-liver 
oil.    The  last  is  specially  beneficial  in  patients  who  do  not 
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take  enough  fat  in  other  forms.  It  is  noteworthy  that  many 
tuberculous  patients  show  an  aversion  to  fat.  Cod-liver  oil 
should  be  given  in  small  quantities  until  the  patient  becomes 
accustomed  to  it.  When  the  oil  in  the  pure  state  continues 
to  be  distasteful  or  to  disagree,  one  or  other  of  the  emulsified 
forms  may  be  substituted.  The  general  health  may  be  benefited 
by  the  administration  of  tonics — such,  for  example,  as  the  syrup 
of  the  iodide  of  iron. 

Vaccine  Treatmejit. — The  principle  underlying  the  vaccine 
treatment  of  tuberculosis  is  that  the  cure  of  the  disease  depends 
upon  the  elaboration  by  the  patient  of  certain  protective  sub- 
stances in  sufficient  quantities  to  render  the  tubercle  bacilli 
innocuous.  These  bactericidal  substances  exert  their  influence 
by  combining  with  the  chemical  constituents  of  the  bacilli,  and 
those  described  by  Wright  under  the  term  opsonins  would 
appear  to  be  the  most  important.  The  injection  of  a  minute 
dose  — ■  one-two-thousandth  of  a  mgrm.  o^oo^^)  of  Koch's 
new  tuberculin.  Tuberculin  R. — is  immediately  followed  by 
a  lowering  of  the  opsonic  index,  which  indicates  that  the 
bactericidal  power  of  the  blood  is  dimiuished.  This 
"negative  phase,"  however,  is  soon  followed  by  a  "positive 
phase,"  the  opsonic  index  being  raised,  and  the  bactericidal 
power  of  the  blood  correspondingly  increased.  The  patient 
thus  acquires  an  increased  power  of  resistance  to  the  tubercle 
bacilli,  which  lasts  from  ten  days  to  a  fortnight.  A  second 
injection  of  Tuberculin  R.  is  then  made,  and  by  repeated  doses 
the  power  of  resistance  may  be  kept  up. 

Caution  must  be  exercised  in  the  selection  of  cases  for 
injection  with  tuberculin,  in  the  source  of  the  tuberculin,  and 
in  the  initial  doses  employed. 

In  addition  to  increasing  the  resisting  power  of  the  patient 
by  raising  the  opsonic  index  of  his  blood,  it  is  most  important 
to  enable  the  fluids  of  the  body,  so  altered,  to  come  into  con- 
tact with  the  tuberculous  focus.  One  of  tbe  main  obstacles 
to  this  is  that  the  focus  is  often  surrounded  by  tissues  or 
fluids  which  have  been  almost  entirely  deprived  of  bactericidal 
substances.  In  the  case  of  caseated  glands  in  the  neck,  for 
example,  it  is  obvious  that  the  removal  of  this  inert  material  is 
necessary  before  the  tissues  can  be  irrigated  M'ith  fluids  of  high 
bactericidal  value.  Again,  in  tuberculous  ascites  the  abdominal 
cavity  is  filled  with  a  fluid  practically  devoid  of  anti-bacterial 
substances,  so  that  the  bacilli  are  able  to  thrive  and  Avork 
their  will  on  the  tissues.  When  the  stagnant  fluid  is  got  rid 
of  by  laparotomy,  the  parts  are  immediately  douched  with 
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lymph  charged  with  protective  substances,  the  bactericidal  power 
of  which  may  be  many  times  that  of  the  fluid  displaced. 

The  circulating  fluids  may  be  afibrded  freer  access  to  a 
tuberculous  focus  by  other  means.  It  is  probable  that  the 
beneficial  influence  of  counter-irritants,  such  as  blisters,  and 
exposure  to  the  Finsen  Light  and  other  forms  of  rays,  is  to  be 
attributed  in  part  to  the  increased  flow  of  blood  to  the  infected 
tissues. 

Bier's  liypercer)iia. — As  has  been  explained,  the  induction 
of  hypersemia  by  the  methods  devised  by  Bier,  constitutes  one 
of  our  most  efficient  means  of  combating  bacterial  infection. 
The  treatment  of  tuberculosis  on  this  plan  has  been  proved  by 
experience  to  be  a  valuable  addition  to  our  therapeutic  measures, 
and  the  simplicity  of  its  application  has  led  to  its  being  widely 
adopted  in  practice.  It  results  in  an  increase  in  the  inflam- 
matory changes  around  the  tuberculous  foci,  an  increase  in 
the  immigration  of  leucocytes,  and  infiltration  with  the 
lymphocytes. 

The  constricting  bandage  should  be  applied  at  some  distance 
above  the  seat  of  infection ;  for  instance,  in  disease  of  the 
wrist,  it  is  put  on  above  the  elbow,  and  it  must  not  cause  pain 
either  where  it  is  applied  or  in  the  diseased  part.  The  bandage 
is  only  applied  for  a  few  hours  each  day,  either  two  hours  at 
a  time  or  twice  a  day  for  one  hour,  and,  while  it  is  on,  all 
dressings  are  removed  save  a  piece  of  sterile  gauze  over  any 
wound  or  sinus  that  may  be  present.  Joints  are  not 
immobilised,  and  the  patient  should  be  encouraged  to  move 
the  limb.  The  process  of  cure  takes  a  long  time — nine  or  even 
twelve  months  in  the  case  of  a  severe  joint  afi"ection. 

In  cases  in  which  a  constricting  bandage  is  inapplicable,  for 
example,  in  cold  abscesses,  tuberculous  glands,  or  tendon 
sheaths,  Klapp's  suction  bells  are  employed.  The  cup  is 
apjilied  for  five  minutes  at  a  time  and  then  taken  ofi"  for  three 
minutes,  and  this  is  repeated  over  a  period  of  about  three- 
quarters  of  an  hour.  The  pus  is  allowed  to  escape  by  a  small 
incision,  and  no  packing  or  drain  should  be  introduced. 

Since  the  introduction  of  the  methods  of  treatment  described 
above,  and  especially  liy  their  em])loyment  at  an  early  stage 
in  the  disease,  the  number  of  cases  of  tuberculosis  requiring 
operative  interference  has  greatly  diminished.  There  arc  still 
circumstances,  however,  in  which  an  operation  is  required  ;  for 
example,  in  disease  of  the  lymj^hatic  glands  for  the  removal 
of  inert  masses  of  caseous  material,  in  disease  of  bone  for  the 
removal  of  sequestra,  or  in  disease  of  joints  to  improve  the 
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function  of  the  limb.  It  is  to  be  understood,  however,  that 
operative  treatment  must  always  be  preceded  by  and  combined 
with  other  therapeutic  measures. 

Tuberculous  Abscess 

The  caseation  of  tuberculous  granulation  tissue  and  its 
liquefaction  into  pus  is  a  slow  and  insidious  process,  and  is 
unattended  with  the  classical  signs  of  inflammation — hence 
the  terms  "cold"  and  "chronic"  applied  -to  the  tuberculous 
abscess. 

In  a  typical  cold  abscess,  such  as  that  which  results  from 
tuberculous  disease  of  the  vertebrae,  the  clinical  appearances 
are  those  of  a  soft,  fluid  swelling  without  heat,  redness,  pain, 
or  fever.  When  inflammatory  symptoms  are  present,  they  are 
usually  due  to  a  mixed  infection. 

A  tuberculous  abscess  results  from  the  disintegration  and 
liquefaction  of  tuberculous  granulation  tissue  which  has  under- 
gone caseation.  Fluid  and  cells  from  the  adjacent  blood- 
vessels exude  into  the  cavity,  and  lead  to  variations  in  the 
character  of  its  contents.  In  some  cases  the  contents  consist 
of  a  clear  amber-coloured  fluid,  in  which  are  suspended 
fragments  of  caseated  tissue ;  in  others,  of  a  white  material 
like  cream-cheese.  From  the  addition  of  a  large  number  of 
leucocytes,  the  contents  may  resemble  the  pus  of  an  ordinary 
abscess. 

The  wall  of  the  abscess  is  lined  with  tuberculous  granulation 
tissue,  the  inner  layers  of  which  are  undergoing  caseation  and 
disintegration,  and  present  a  shreddy  appearance ;  the  outer 
layers  consist  of  tuberculous  tissue  which  has  not  yet  under- 
gone caseation.  The  abscess  tends  to  increase  in  size  by 
progressive  liquefaction  of  the  inner  layers,  caseation  of  the 
outer  layers,  and  the  further  invasion  of  the  surrounding 
tissues  by  tubercle  bacilli.  In  this  way  a  tuberculous  abscess 
is  capable  of  indefinite  extension  and  increase  in  size  until  it 
reaches  a  free  surface  and  ruptures  externally.  The  direction 
in  which  it  spreads  is  influenced  by  the  anatomical  arrange- 
ment of  the  tissues,  and  possibly  to  some  extent  by  gravity, 
and  the  abscess  may  reach  the  surface  at  a  considerable  distance 
from  its  seat  of  origin.  The  best  illustration  of  this  is  seen  in 
psoas  abscess,  which  may  originate  in  the  dorsal  vertebra, 
extend  downwards  within  the  sheath  of  the  psoas  muscle,  and 
finally  appear  in  the  thigh. 

Clinical  Features. — The  insidious  development  of  the  tuber- 
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culous  abscess  is  one  of  its  most  characteristic  features.  The 
sweUing  may  attain  a  considerable  size  without  the  patient 
being  aware  of  its  existence,  and,  as  a  matter  of  fact,  it  is  often 
discovered  accidentally.  There  is  an  absence  of  the  ordinary 
signs  of  inflammation;  but  if  during  the  development  and 
progress  of  the  abscess  the  patient  is  under  observation,  and  a 
record  kept  of  the  daily  temperature,  a  slight  evening  rise  may 
be  noted.  There  is  usually  a  quiescent  stage  of  the  tuberculous 
abscess,  which  is  not  attended  with  any  rise  of  temperature. 
According  to  its  situation  and  mode  of  origin,  the  abscess 
varies  in  size  from  a  small  cherry  to  a  cavity  containing  several 
pints  of  pus.  The  shape  of  the  abscess  varies ;  it  is  usually 
that  of  a  flattened  sphere,  but  it  may  present  pockets  or 
burrows  running  in  various  directions.  Sometimes  the  abscess 
is  hour-glass  or  dumb-bell  shaped ;  this  is  well  illustrated  in 
the  region  of  the  groin  in  disease  of  the  spine  or  pelvis,  where 
there  may  be  one  large  sac  occupying  the  venter  ilii,  and  a 
smaller  one  in  the  thigh,  the  two  communicating  by  a  narrow 
channel  under  Poupart's  ligament.  By  pressing  with  the 
fingers  the  pus  may  be  displaced  from  one  compartment  to  the 
other.  Occasionally  the  progress  of  the  abscess  is  arrested,  and 
it  remains  stationary  for  an  indefinite  period.  The  usual 
course  of  events,  however,  is  that  the  abscess  progresses  slowly, 
and  finally  reaches  a  free  surface — usually  the  skin.  As  it  does 
so  there  may  be  some  pain,  redness,  and  local  elevation  of 
temperature.  Fluctuation  becomes  more  evident  and  super- 
ficial, and  the  skin  becomes  livid  and  finally  gives  way.  If  the 
case  is  left  to  nature,  the  discharge  of  pus  continues,  and  the 
track  opening  on  the  skin  surface  remains  as  a  simis.  The 
persistence  of  suppuration  is  due  to  the  presence  in  the  wall  of 
the  abscess  and  of  the  sinus,  of  tuberculous  granulation  tissue, 
which,  so  long  as  it  remains,  continues  to  furnish  discharge, 
and  so  prevents  healing.  Sooner  or  later  pyogenic  organisms 
gain  access  to  the  sinus,  and  through  it  to  the  wall  of  the 
abscess.  They  tend  further  to  depress  the  resisting  power  of 
the  tissues,  and  thereby  aggravate  and  perpetuate  the  tubercul- 
ous disease.  This  superadded  infection  with  pyogenic  organisms 
exposes  the  patient  to  the  further  risks  of  septic  intoxication, 
especially  in  the  form  of  hectic  fever  and  scpticsemia,  and 
increases  the  liability  to  general  tuberculosis,  and  to  waxy 
degeneration  of  the  internal  organs.  A  tuberculous  abscess 
may  in  one  or  other  of  these  ways  be  a  cause  of  death. 

A  chronic  abscess  may  be  met  with  anywhere  in  the 
subcutaneous  or  other  cellular  tissue.     It  is  often  the  result 
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of  tuberculous  disease  in  a  lymphatic  gland,  in  a  bone,  or  in 
one  or  other  of  the  organs  of  the  body,  such  as  the  kidney  or 
testicle. 

Residual  abscess  is  the  name  given  to  an  abscess  which  may 
make  its  appearance  months,  or  even  years,  after  the  apparent 
cure  of  tuberculous  disease — as,  for  example,  in  the  hip-joint 
or  spine.  It  is  called  residual  because  it  has  its  origin  in  the 
residuum  or  remains  of  the  original  disease. 

Diagnosis. — A  cold  abscess  in  the  quiescent  stage  is  to  be 
diagnosed  from  a  syphilitic  gumma,  a  cyst,  a  lipoma,  and  from 
other  soft  tumours.  The  differential  diagnosis  of  these  affec- 
tions will  be  considered  later.  When  it  is  about  to  burst 
externally,  it  may  be  difficult  to  distinguish  a  tuberculous 
abscess  from  an  abscess  due  to  infection  with  pyogenic  organisms. 
Help  is  obtained  by  the  history,  and  by  recognising  the  associa- 
tion of  the  abscess  with  tuberculous  disease  in  one  of  the 
organs  in  the  neighbourhood.  Even  when  the  abscess  is 
opened,  the  appearances  of  the  pus  may  not  supply  the  desired 
information,  and  it  may  be  necessary  to  submit  it  to  bacterio- 
logical examination.  When  the  pus  is  found  to  be  sterile,  it  is 
usually  safe  to  assume  that  the  condition  is  tuberculous,  as  in 
other  forms  of  suppuration  the  causative  organisms  can  usually 
be  recognised.  Experimental  inoculation  may  enable  us  to 
arrive  at  a  definite  diagnosis,  but  it  implies  a  delay  of  two  to 
three  weeks. 

Treatment. — The  tuberculous  abscess  may  recede  and  dis- 
appear under  the  treatment  employed  for  tuberculosis  in 
general,  and  this  should  always  precede  and  accompany  any 
procedure  directed  to  the  abscess  itself.  Many  surgeons  advise 
that  so  long  as  the  abscess  is  quiescent  it  should  be  left  alone. 
All  agree,  however,  that  if  it  shows  a  tendency  to  spread,  to 
increase  in  size,  or  to  approach  the  skin  or  mucous  membrane, 
something  should  be  done  to  avoid  the  danger  of  its  burst- 
ing and  becoming  infected  with  pyogenic  organisms.  Simple 
evacuation  of  the  abscess  by  a  hollow  needle  may  suffice,  or 
iodoform  may  be  introduced  after  withdrawal  of  the  contents. 

Evacuation  of  the  Abscess  and  Injection  of  Iodoform. — The 
iodoform  is  employed  in  the  form  of  a  10  per  cent,  solution 
in  ether  or  the  same  proportion  suspended  in  glycerin.  Either 
form  becomes  sterile  soon  after  it  is  prepared.  Its  curative 
effects  would  appear  to  depend  upon  tlie  liberation  of  iodine, 
which  restrains  the  activity  of  the  bacilli,  and  upon  its  capacity 
for  irritating  the  tissues  and  so  inducing  a  protective  leucocy- 
tosis,  and  also  of  stimulating  the  formation  of  scar  tissue.  An 
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aiicTsfchetic  is  mrely  called  for,  except  in  children.  The  abscess 
is  first  evacuated  by  means  of  a  large  trocar  and  cannula  intro- 
duced obliquely  through  the  overlying  soft  parts,  avoiding  any 
part  where  the  skin  is  thin  or  red.  If  the  cannula  becomes 
blocked  with  caseous  material,  it  may  be  cleared  with  a  probe, 
or  a  small  quantity  of  saline  solution  is  forced  in  by  the 
syringe.  The  iodoform  is  injected  by  means  of  a  glass-barrelled 
syringe,  which  is  firmly  screwed  on  to  the  cannula.  The  amount 
mject'ed  varies  with  the  size  of'  the  abscess  and  the  age  of  the 
patient ;  it  may  be  said  to  range  from  two  or  three  drams  in 
the  case  of  children  to  several  ounces  in  large  abscesses  in 
adults.  The  cannula  is  then  withdrawn,  and  the  puncture 
covered  with  a  gauze  dressing,  aud  bandaged  so  as  to  exert  a 
certain  amount  of  compression.  If  the  abscess  fills  up  again, 
the  procedure  should  be  repeated. 

When  the  contents  of  the  abscess  are  semi-solid,  and  cannot 
be  withdrawn  even  through  a  large  cannula,  a  small  incision 
must  be  made,  and,  after  emptying  the  cavity,  the  iodoform 
is  introduced  through  a  short  rubber  tube  attached  to  the 
syringe.  The  injection  is  continued  while  the  wound  is  being 
closed  with  sutures,  so  that  when  the  operation  is  completed 
the  cavity  will  be  distended  with  the  fluid.  The  method  is 
only  satisfactory  if  the  wound  heals  by  first  intention. 
Experience  has  shown  that  even  large  abscesses,  such  as  those 
associated  with  spinal  disease,  may  be  cured  by  iodoform 
injection,  and  this  even  when  rupture  of  the  abscess  on  the 
skin  surface  has  appeared  to  be  imminent. 

Another  method  of  treatment  which  is  less  popular  now 
than  it  used  to  be,  and  which  is  chiefly  applicable  in  abscesses 
of  moderate  size,  is  by  incision  of  the  abscess  and  removal  of  the 
tuberculous  tissue  in  its  ivall  with  the  sharp  spoon.  An  incision 
is  made  which  will  give  free  access  to  the  interior  of  the  abscess, 
so  that  outlying  pockets  or  recesses  may  not  be  overlooked. 
After  removal  of  the  pus,  the  walls  of  the  abscess  are  scraped 
with  the  Volkmann  spoon  or  with  Barker's  flushing  spoon,  to 
get  rid  of  the  tuberculous  tissue  with  which  they  are  lined.  In 
using  the  spoon,  care  must  be  taken  that  its  sharp  edge  does 
not  perforate  the  wall  of  a  vein  or  other  important  structure. 
Any  debris  which  may  adhere  to  the  walls  is  removed  by 
rubbing  with  dry  gauze.  The  oozing  of  blood  is  arrested  by 
packing  the  cavity  for  a  few  minutes  with  gauze.  After  the 
packing  is  removed,  iodoform  powder  is  rubbed  into  the  raw 
surface.  The  soft  parts  divided  by  the  incision  are  sutured  in 
layers  so  as  to  ensure  primary  union.    If,  on  the  other  hand, 
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there  is  fear  of  a  mixed  infection,  it  is  safer  to  treat  it  by 
the  open  method,  packing  the  cavity  with  iodoform  worsted, 
which  is  renewed  at  intervals  as  the  cavity  heals  from  the 
bottom. 

When  the  skin  over  the  abscess  is  red,  thin,  and  about  to 
give  Avay,  as  is  frequently  the  case  when  the  abscess  is  situated 
in  the  subcutaneous  cellular  tissue,  any  skin  which  is  under- 
mined and  infected  with  tubercle  should  be  removed  with  the 
scissors  at  the  same  time  that  the  abscess  is  incised. 

In  abscesses  treated  by  the  open  method,  when  the  cavity 
has  become  lined  with  healthy  granulations,  it  may  be  closed 
by  secondary  suture,  or,  if  the  granulating  surface  is  flush  with 
the  skin,  healing  may  be  hastened  by  skin-grafting. 

If  the  tuberculous  abscess  has  burst  and  left  a  sinus,  this 
is  apt  to  persist  because  of  the  presence  of  tuberculous  tissue 
in  its  walls,  and  of  superadded  pyogenic  infection,  or  because  it 
serves  as  an  avenue  for  the  escape  of  discharge  from  a  focus  of 
tubercle  in  a  bone  or  lymphatic  gland. 

The  treatment  varies  with  the  conditions  present,  and  must 
include  measures  directed  to  the  lesion  from  which  the  sinus 
has  originated.  The  extent  and  direction  of  any  given  sinus 
may  be  demonstrated  by  the  use  of  the  probe,  or,  more 
accurately,  by  injecting  the  sinus  with  a  paste  consisting  of 
white  vaseline  containing  10  per  cent,  of  bismuth  subnitrate, 
or  sub-carbonate,  and  following  its  track  with  the  X-rays. 
(Fig.  35.) 

It  has  been  found  by  Beck  of  Chicago  that  the  injection  of 
bismuth  paste  is  frequently  followed  by  healing  of  the  sinus, 
and  that,  if  one  injection  fails  to  bring  about  a  cure,  repeating 
the  injections  every  second  day  may  be  successful.  Some 
caution  must  be  observed  in  this  treatment  by  bismuth,  as 
symptoms  of  poisoning  have  been  observed  to  follow  its  use. 
Should  they  manifest  themselves,  an  injection  of  warm  olive- 
oil  should  \)Q  given;  the  oil,  left  in  for  twelve  hours  or  so, 
forms  an  emulsion  with  the  bismuth,  which  can  be  withdrawn 
by  aspiration.  Iodoform  suspended  in  glycerin  may  be  employed 
in  a  similar  manner.  When  these  and  other  non-operative 
measures  fail,  and  the  whole  track  of  the  sinus  is  accessible,  it 
should  be  laid  open,  scraped,  and  packed  with  gauze  until  it 
heals  from  the  bottom. 

The  tuberculous  ulcer  is  described  in  the  chajiter  on  ulcers. 
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Syphilis  is  an  infective  disease  due  to  the  entrance  into  the 
body  of  a  specific  virus.  It  is  nearly  always  communicated 
from  one  individual  to  another  by  contact  infection,  the  dis- 
charge from  a  syphilitic  lesion  being  the  medium  through 
Avhich  the  virus  is  transmitted,  and  the  seat  of  inoculation  is 
almost  invariably  a  surface  covered  by  squamous  epithelium. 
The  disease  vras  unknown  in  Europe  before  the  year  1493, 
when  it  was  introduced  into  Spain  by  Columbus'  crew,  who 
were  infected  in  Haiti,  Avhere  the  disease  had  been  endemic 
from  time  immemorial  (Bloch). 

Syphilis  combines  the  characters  of  a  specific  fever  running 
a  chronic  course  with  those  of  an  infective  granuloma.  The 
granulation  tissue  which  forms  as  a  result  of  the  reaction  of 
the  tissues  to  the  presence  of  the  virus  is  chiefly  composed  of 
lymphocytes  and  plasma  cells,  along  with  an  abundant  new 
formation  of  capillary  blood-vessels.  Giant  cells  are  not  un- 
common, but  the  endothelioid  cells,  which  are  so  marked  a 
feature  of  tuberculous  granulation  tissue,  are  practically  absent. 

When  syphilis  is  communicated  from  one  individual  to 
another  by  contact  infection,  the  condition  is  spoken  of  as 
acquired  st/iMUs,  and  the  first  visible  sign  of  the  disease 
appears  at  the  site  of  inoculation,  and  is  known  as  the  primary 
lesion.     Those  who   have   thus  '  acquired  the  disease  may 
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transmit  it  to  their  offspring,  who  are  then  said  to  suffer  from 
inherited  sijpliilis. 

The  Virus  of  Syphilis. — -The  cause  of  syphilis,  whether 
acquired  or  inherited,  is  the  organism,  described  by  Schaudinn 
and  Hoffman,  in  1905,  under  the  name  of  spirochcete  jMllida 
or  ireponema  pallidum.  It  is  a  delicate,  thread-lilie  spirilla, 
in  length  averaging  from  4  to  14  /x  and  in  width  about  '25  /x, 
and  is  distinguished  from  other  spirochaetes  by  its  delicate 


Fig.  36.— Spirocbfete  pallida,    x  1000  diam.    Two  specimens  iu 
centre  of  field,  surrounded  by  red  blood  corpuscles. 

(From  specimen  lent  by  Dr.  Theodore  Shennan.) 

shape,  its  slight  refractive  power,  together  with  its  typical 
spiral  form,  with  numerous  undulations  (10  to  26),  Avhich  are 
perfectly  regular,  and  are  characteristic  in  that  they  remam  the 
same  during  rest  and  in  active  movement.  The  organism  thins 
out  at  each  pole,  and  is  continued  in  the  form  of  a  long  cilium ; 
it  is  readily  destroyed  by  heat,  and  perishes  in  the  absence  of 
moisture.  In  a  fresh  specimen,  such  as  a  scraping  from  a  hard 
chancre  suspended  in  a  little  salt  solution,  the  organism  shows 
active  movements.  It  has  been  proved  experimentally  that  the 
virus  remains  efficacious  only  up  to  six  hours  after  its  removal 
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from  the  body.  It  has  not  yet  been  cultivated  from  syphilitic 
lesions  in  the  human  subject,  but  ISToguchi  has  succeeded  in 
obtaining  pure  cultures  from  the  infected  tissues  of  the  rabbit. 

The  spirochete  may  be  recognised  in  films  made  by  scraping 
the  deeper  parts  of  the  primary  lesion,  or  from  blisters 
artificially  raised  on  lesions  of  the  skin  or  on  the  immediately 
adjacent  portion  of  healthy  skin.  It  is  best  stained  by 
Giemsa's  method,  and  its  recognition  is  greatly  aided  by  the 
use  of  the  ultra-microscope. 

The  spirochsete  has  been  demonstrated  in  every  form  of 
syphilitic  lesion,  and  has  been  isolated  from  the  blood  and 


Fig.  37. — Spiroclifete  pallida  iu  Liver  of  uew-born  child,  i 


from  lymph  withdrawn  by  a  hypodermic  needle  from  enlarged 
lymphatic  glands.  The  saliva  of  persons  suffering  from 
syphilitic  lesions  of  the  mouth  also  contains  the  organism. 

In  tertiary  lesions  there  is  greater  difficulty  in  demonstrating 
the  spirochtete,  but  small  numbers  have  been  found  iu  the 
peripheral  parts  of  gummata  and  in  the  thickened  patches  in 
syphilitic  disease  of  the  aorta.  In  such  para-siiphilitic  afextions 
as  general  paralysis  and  tabes  the  organism  has  not  been 
discovered.  The  spirochaate  may  persist  in  the  body  for  a  long 
time  after  infection  ;  in  one  case  its  presence  was  demonstrated 
sixteen  years  after  the  original  acquisition  of  the  disease. 

1  From  A  Si/stem  of  Si/2}hilis,  Metclmikoll",  Oxford  Medical  Publications. 
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In  inherited  syphilis  the  spirochaete  is  present  in  enormous 
numbers  throughout  all  the  organs  and  fluids  of  the  body 
(Fig.  37). 

Considerable  interest  attaches  to  the  observations  of 
Metchnikoff,  Roux,  and  Neisser,  who  have  succeeded  in 
conveying  syphilis  to  the  chimpanzee  and  other  members  of 
the  ape  tribe,  obtaining  primary  and  secondary  lesions  similar 
to  those  observed  in  man,  and  also  containing  the  spirochaete. 
The  number  of  experiments  on  these  animals  is  now  very  gi'eat, 
and  the  general  result  is  that  the  disease  has  been  transmitted 
by  material  from  all  kinds  of  syphilitic  lesions,  including  even  • 
the  blood  in  the  secondary  and  tertiary  stages  of  the  disease. 
The  primary  lesion  is  in  the  form  of  an  indurated  papule,  in 
every  respect  resembling  the  corresponding  lesion  in  man,  and 
associated  with  enlargement  and  induration  of  the  lymphatic 
glands.  The  primary  lesion  usually  ajDpears  about  thirty  days 
after  inoculation,  to  be  followed,  in  about  half  the  cases,  by 
secondary  manifestations,  which  are  usually  of  a  mild  character  ; 
in  no  instance  has  any  tertiary  lesion  been  observed.  The 
severity  of  the  affection  amongst  apes  would  apjjear  to  be  in 
proportion  to  the  nearness  of  the  relationship  of  the  animal  to 
the  human  subject.  The  eye  of  the  rabbit  is  also  susceptible 
to  inoculation  from  syphilitic  lesions ;  the  material  in  a 
finely  divided  state  is  introduced  into  the  anterior  chamber 
pf  the  eye. 

Attempts  to  immunise  against  the  disease  have  so  far  proved 
negative,  but  Metchnikoff  has  shown  that  the  inunction  of 
the  part  inoculated  with  an  ointment  containing  25  per  cent,  of 
calomel,  within  twenty  hours  of  infection,  suffices  to  neutralise 
the  virus.  He  recommends  the  adoption  of  this  procedure  in 
the  prophylaxis  of  syphilis.  Experiments  on  apes  justify  the 
expectation  that  the  employment  of  an  attenuated  virus  as  a 
vaccine  may  modify  the  course  of  the  disease. 


Acquired  Syphilis 

In  the  vast  majority  of  cases,  infection  takes  place  during  the 
congress  of  the  sexes.  Delicate,  easily  abraded  surfaces  are 
then  brought  into  contact,  and  the  discharge  from  lesions  con- 
taming  the  virus  is  placed  under  favourable  conditions  for 
conveying  the  disease  from  one  person  to  the  other.  In  the 
male  the  possibility  of  infection  taking  place  is  increased  if  the 
virus  IS  retained  under  cover  of  a  long  and  tight  prepuce,  and 
if  there  are  abrasions  on  the  surface  with  which  it  comes  in 
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contact.  The  frequency  with  which  infection  takes  place  on 
the  genitals  during  sexual  intercourse  warrants  syphilis  being 
considered  a  venereal  disease,  although  there  are  other  ways  in 
which  it  may  be  contracted. 

Some  of  these  imply  direct  contact — such,  for  example,  as 
kissing,  the  digital  examination  of  syphilitic  patients  by  doctors 
or  nurses,  or  infection  of  the  surgeon's  fingers  while  operating 
upon  a  syphilitic  patient.  In  suckling,  a  syphilitic  wet  nurse 
may  infect  a  healthy  infant,  or  a  syphilitic  infant  may  infect  a 
healthy  wet  nurse.  In  other  cases  the  infection  is  by  indirect 
.  contact,  the  virus  being  conveyed  through  the  medium  of 
articles  contaminated  by  a  syphilitic  patient — such,  for  example, 
as  surgical  instruments,  tobacco  pipes,  wind  instruments,  table 
utensils,  towels,  or  underclothing.  Physiological  secretions, 
such  as  saliva,  milk,  or  tears,  are  not  capable  of  communicating 
the  disease  unless  contaminated  by  discharge  from  a  syphilitic 
sore.  "While  the  saliva  itself  is  innocuous,  it  can  be,  and  often 
is,  contaminated  by  the  discharge  from  mucous  patches  or 
other  syphilitic  lesions  in  the  mouth  and  throat,  and  is  then  a 
dangerous  medium  of  infection.  Unless  these  extra-genital 
sources  of  infection  are  borne  in  mind,  there  is  a  danger  of 
failing  to  recognise  the  primary  lesion  of  syphilis  in  unusual 
positions,  such  as  the  lip,  finger,  or  nipple.  When  the  disease 
is  thus  acquired  by  innocent  transfer,  it  is  known  as  sijjpldlis 
inso7itium. 

Stages  or  Periods  of  Syphilis. — Folio  wing -the  teaching  of 
Ricord,  it  is  customary  to  divide  the  life-history  of  syphilis 
into  three  periods  or  stages,  referred  to,  for  convenience,  as 
primary,  secondary,  and  tertiary.  This  division  is  to  some 
extent  arbitrary  and  artificial,  as  the  different  stages  overlap 
one  another,  and  the  lesions  of  one  stage  merge  insensibly  mto 
those  of  another.  Wide  variations  are  met  with  in  the 
manifestations  of  the  secondary  stage,  and  histologically  there 
is  no  valid  distinction  to  be  drawn  between  secondary  and 
tertiary  lesions. 

The  primary  period  embraces  the  interval  that  elapses 
between  the  initial  infection  and  the  first  constitutional 
manifestations,  —  roughly,  from  four  to  eight  weeks,  —  and 
includes  the  period  of  incubation,  the  development  of  the 
primary  sore,  and  the  enlargement  of  the  nearest  lymphatic 
glands. 

The  secondary  period  varies  in  duration  from  one  to  two 
years,  during  which  time  the  patient  is  liable  to  sufler  from 
manifestations  which  are  for  the  most  part  superficial  in 
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character,  affecting  the  skin  and  its  appendages,  the  mucous 
membranes,  and  the  lymphatic  glands. 

The  tertiary  period  has  no  time-limit  except  that  it  follows 
upon  the  secondary,  so  that  during  the  remainder  of  his  life  the 
patient  is  liable  to  suffer  from  manifestations  which  may  affect 
the  deeper  tissues  and  internal  organs  as  well  as  the  skin  and 
mucous  membranes. 

Primary  Syphilis. — The  period  of  incubation  represents  the 
interval  that  elapses  between  the  occurrence  of  infection  and 
the  appearance  of  the  primary  sore  at  the  site  of  inoculation. 
Its  limits  may  be  stated  as  varying  from  two  to  six  weeks,  with 
an  average  of  from  twenty-one  to  twenty-eight  days.  While 
the  affection  is  incubating,  there  is  nothing  to  show  that  the 
patient  has  contracted  any  disease. 

The  Primary  Lesion. — The  incubation  period  having  elapsed, 
there  appears  at  the  site  of  inoculation  a  circumscribed  area  of 
infiltration  which  represents  the  reaction  of  the  tissues  to  the 
entrance  of  the  virus.  The  first  appearance  is  that  of  a  sharply 
defined  papule,  rarely  larger  than  a  split  pea.  Its  surface,  is 
at  first  smooth  and  shiny,  but  as  necrosis  of  the  tissue  elements 
takes  place  in  the  centre,  it  becomes  concave,  and  in  many 
cases  the  epithelium  is  shed  and  an  ulcer  is  formed.  Such  an 
ulcer  has  an  elevated  border,  sharply  cut  edges,  an  indurated 
base,  and  exudes  a  scanty  serous  discharge ;  its  surface  is  at 
first  occupied  by  yellow  necrosed  tissue,  but  in  time  this  is 
replaced  by  smooth,  pale -pink  granulation  tissue;  finally, 
epithelium  may  spread  over  the  surface,  and  the  ulcer  heals. 
As  a  rule  the  patient  suffers  little  discomfort,  and  may  even 
be  ignorant  of  the  existence  of  the  lesion,  unless,  as  a  result  of 
exposure  to  mechanical  or  septic  irritation,  ulceration  ensues, 
and  the  sore  becomes  painful  and  tender,  and  yields  a  purulent 
discharge.  The  primary  lesion  may  persist  until  the  secondary 
manifestations  make  their  appearance. 

It  cannot  be  emphasised  too  strongly  that  the  induration  of 
the  primary  lesion,  which  has  obtained  for  it  the  name  of 
"  hard  chancre,"  is  its  most  important  characteristic.  It  is  best 
appreciated  when  the  sore  is  grasped  from  side  to  side  between 
the  finger  and  thumb.  The  sensation  on  grasping  it  has  been 
aptly  compared  to  that  imparted  by  a  nodule  of  cartilage,  or  by 
a  button  felt  through  a  layer  of  cloth.  The  evidence  obtained 
by  touch  is  more  valuable  than  that  obtained  by  inspection,  a 
fact  which  is  made  use  of  in  the  recognition  of  concealed 
c/tawCT-es—that  is,  those  which  are  hidden  by  a  tight  prepuce. 
The  induration  is  due  not  only  to  the  dense  packing  of  the 
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connective-tissue  spaces  with  lymphocytes  and  plasma  cells> 
but  to  the  formation  of  new  connective-tissue  elements.  It  is 
most  marked  in  relation  to  chancres  situated  in  the  furrow 
between  the  glans  and  the  prepuce. 

In  the  male,  the  primary  lesion  specially  affects  certain 
situations,  and  the  appearances  vary  with  these: — (1)  On  the 
inner  aspect  of  the  prepuce,  and  in  the  fold  between  the 
prepuce  and  the  glans ;  in  the  latter  situation  the  induration 
imparts  a  "  collar-like  "  rigidity  to  the  prepuce,  which  is  most 
apparent  when  it  is  rolled  back  over  the  corona.  (2)  At  the 
orifice  of  the  prepuce  the  primary  lesion  assumes  the  form  of 
multijjle  linear  ulcers  or  fissures,  and  as  each  of  these  is  attended 
with  infiltration,  the  prepuce  cannot  be  pulled  back — a  con- 
dition known  as  syphilitic  phimosis.  (3)  On  the  glans  penis 
the  infiltration  may  be  so  superficial  that  it  resembles  a  layer  of 
jmrchment,  but  if  it  invades  the  cavernous  tissue  there  is  a 
dense  mass  of  induration.  (4)  On  the  external  aspect  of  the 
prepuce  or  on  the  skin  of  the  penis  itself.  (5)  At  either  end 
of  the  torn  fraenum,  in  the  form  of  a  diamond-shaped  ulcer 
raised  above  the  surroundings.  (6)  In  relation  to  the  meatus 
and  canal  of  the  urethra,  in  either  of  which  situations  the 
swelling  and  induration  may  lead  to  narrowing  of  the  urethra, 
so  that  the  urine  is  passed  with  pain  and  difficulty  and  in  a 
very  minute  stream ;  stricture  results  only  in  the  exceptional 
cases  in  which  the  chancre  has  ulcerated  and  caused  destruction 
of  tissue.  A  chancre  within  the  orifice  of  the  urethra  is  very 
rare,  and,  being  concealed  from  view,  its  existence  is  recognised 
by  the  discharge  from  the  meatus  and  by  the  induration  felt 
between  the  finger  and  thumb  on  palpating  the  urethra. 

In  the  female,  the  primary  lesion  is  not  so  typical  or  so 
easily  recognised  as  in  men ;  it  is  usually  met  with  on  the 
labia ;  and  the  induration  is  rarely  characteristic  and  does  not 
last  so  long ;  often  there  are  several  indurated  nodules,  and^ 
according  to  Arthur  Ward,  the  primary  lesion  may  take  the 
form  of  condylomata. 

The  hard  chancre  is  usually  solitary,  but  cases  are  met  with 
in  which  there  are  two  or  more ;  when  there  are  several,  they 
are  individually  smaller  than  the  solitary  chancre. 

It  is  rather  the  exception  for  a  hard  chancre  to  leave  a 
visible  scar,  hence,  in  examining  patients  with  a  doubtful 
history  of  syphilis,  little  reliance  can  be  placed  on  the  presence 
or  absence  of  a  scar  on  the  genitals.  When  the  primary  lesion 
has  taken  the  form  of  an  open  ulcer  with  purulent  discharge,  or 
has  sloughed,  there  is  a  permanent  scar. 
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Infection  of  the  adjacent  lymphatic  glands  is  usually  found 
to  have  taken  place  by  the  time  the  primary  lesion  has 
acquired  its  characteristic  induration.  Several  of  the  glands 
along  Poupart's  ligament,  on  one  or  on  both  sides,  become 
enlarged,  rounded,  and  indurated;  they  are  usually  freely 
movable,  and  are  rarely  sensitive  unless  there  is  superadded 
septic  infection.  The  term  hullet-bubo  has  been  applied  to 
them,  and  their  presence  is  of  great  value  in  diagnosis.  In  a 
certain  number  of  cases,  one  of  the  main  lymphatic  vessels  on 
the  dorsum  of  the  penis  is  transformed  into  a  fibrous  cord 
easily  recognisable  on  palpation,  and  when  grasped  between 
the  lingers  appears  to  be  in  size  and  consistence  not  unlike  the 
vas  deferens. 


Fig.  38.— Primary  Lesion  on  Thumb,  witli  Secondary  Eruption  on  Forearm. i 


Concealed  chancre  is  the  term  applied  when  one  or  more 
chancres  are  situated  within  the  sac  of  a  prepuce  which  cannot 
be  retracted.  If  the  induration  is  well  marked,  the  chancre  can 
be  palpated  through  the  prepuce,  and  is  tender  on  pressure. 
As  under  these  conditions  it  is  impossible  for  the  patient  to 
keep  the  parts  clean,  septic  infection  becomes  a  prominent 
feature,  the  prepuce  is  oedematous  and  inflamed,  and  there  is 
an  abundant  discharge  of  pus  from  its  orifice.  It  occasionally 
happens  that  the  septic  infection  assumes  a  virulent  character 
and  causes  sloughing  of  the  prepuce — a  condition  known  as 
phar/edrma.  The  discharge  is  then  foul  and  blood-stained,  and 
the  prepuce  becomes  of  a  dusky  red  or  purple  colour,  and  may 
finally  slough,  exposing  the  glans. 

Extra-rienital  or  Erratic  Chancres  (Fig.  .38). — Erratic  chancre 
is  the  term  applied  by  Jonathan  Hutchinson  to  the  primary 

'  From  A  System  of  SypJulix,  vol.  ii.,  edited  by  D'Arcy  Power  and 
J.  Keogh  Murphy,  Oxford  Medical  Publications. 
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lesion  of  syphilis  when  it  appears  on  parts  of  the  body  other 
than  the  genitals.  It  differs  in  some  respects  from  the  hard 
chancre  as  met  with  on  the  penis;  it  is  usually  larger,  the 
induration  is  more  diffused,  and  the  enlarged  glands  are  softer 
and  more  sensitive.  The  glands  in  nearest  relation  to  the  sore 
are  those  first  affected,  for  example,  the  epitrochlear  or  axillary 
glands  in  chancre  of  the  finger;  the  submaxillary  glands  in 
chancre  of  the  lip  or  mouth;  or  the  pre-auricular  gland  in 
chancre  of  the  eyelid  or  forehead.  In  consequence  of  their 
divergence  from  the  typical  chancre,  and  of  their  being  often 
met  with  in  persons  who,  from  age,  surroundings,  or  moral 
character,  are  unlikely  subjects  of  venereal  disease,  the  true 
nature  of  erratic  chancres  is  often  overlooked  until  the  persist- 
ence of  the  lesion,  its  vs^ant  of  resemblance  to  anything  else,  or 
the  onset  of  constitutional  symptoms,  determines  the  diagnosis 
of  syphilis.  A  solitary,  indolent  sore  occurring  on  the  lip, 
eyelid,  finger,  or  nipple,  which  does  not  heal  but  tends  to 
increase  in  size,  and  is  associated  with  induration  and  enlarge- 
ment of  the  adjacent  glands,  is  most  likely  to  be  the  primary 
lesion  of  syphilis. 

The  Soft  Sore,  Soft  Chancre,  or  Chancroid.— The  differential 
diagnosis  of  syphilis  necessitates  the  consideration  of  the  soft 
sore,  soft  chancre,  or  chancroid,  which  is  also  a  common  form 
of  venereal  disease,  and  is  due  to  infection  with  a  virulent  pus- 
forming  bacillus,  first  described  by  Ducrey  in  1889.  Ducrey's 
bacillus  occurs  in  the  form  of  minute  oval  rods  measuring 
about  1-5  /A  in  length,  which  stain  readily  with  any  basic 
aniline  dye,  but  are  quickly  decolorised  by  Gram's  method. 
They  are  found  mixed  with  other  organisms  in  the  purulent 
discharge  from  the  surface,  and  are  chiefly  arranged  in  small 
groups  or  in  short  chains.  Soft  sores  are  always  contracted 
by  direct  contact  from  another  individual,  and  the  incubation 
period  is  a  short  one  of  from  two  to  five  days.  The  sores  are 
most  often  situated  in  the  vicinity  of  the  frtenum  of  the 
prepuce,  and,  in  women,  about  the  labia  minora  or  fourchette  ; 
they  probably  originate  in  abrasions  in  these  situations. 
They  appear  as  pustules,  wdiich  are  rapidly  converted  into 
small,  acutely  inflamed  ulcers  with  sharply  cut,  irregular 
margins,  and  yielding  an  abundant  yellow  purulent  discharge. 
They  are  devoid  of  the  characteristic  induration  of  syphitis, 
are  painful,  and  nearly  always  multiple,  reproducing  them- 
selves in  successive  crops  by  auto-inoculation.  Soft  sores 
arc  often  complicated  by  phimosis  and  balanitis,  and  they 
frequently  lead  to  infection  of  the  glands  in  the  groin.  The 
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resulting  bubo  is  ditt'ereut  from  that  due  to  syphilis ;  it  is 
ill-dellued,  painful,  and  very  tender,  and  suppuration  occurs 
in  about  one-fourth  of  the  cases.  The  overlying  skin  becomes 
adherent  and  red,  and  suppuration  takes  place  either  in  the 
form  of  separate  foci  in  the  interior  of  the  individual  glands, 
or  around  them ;  in  the  latter  case,  on  incision,  the  glands  are 
found  lying  bathed  in  pus.  Ducrey's  bacillus  is  found  in  the 
bubo  in  a  state  of  purity ;  it  has  been  demonstrated  by  micro- 
scopic examination  and  by  culture.  Sometimes  the  ordinary 
pyogenic  organisms  are  superadded.  After  the  bubo  has  been 
opened  the  wound  may  take  on  the  characters  of  a  soft  sore. 

Soft  sores  heal  rapidly  when  kept  thoroughly  clean.  They 
should  be  washed  with  peroxide  of  hydrogen,  and  dusted  with 
an  antiseptic  powder  such  as  a  mixture  of  one  part  iodoform 
and  two  parts  boracic  or  salicylic  acid,  or,  when  the  odour  of 
iodoform  is  objected  to,  of  equal  parts  of  boracic  acid  and 
carbonate  of  zinc.  The  sore  is  then  covered  with  a  piece  of 
gauze  kept  in  position  by  drawing  the  prepuce  over  it,  or  by  a 
few  turns  of  a  narrow  bandage.  If  the  sores  spread  in  spite  of 
this,  they  should  be  painted  with  cocaine  and  then  cauterised. 
If  there  is  phimosis  with  balanitis,  the  prepuce  must  either  be 
washed  out  with  hydrogen  peroxide  at  frequent  intervals,  or 
removed  by  circumcision;  in  the  latter  case,  bluestone  should 
be  rubbed  into  the  raw  surface  made  at  the  operation,  lest  it 
also  should  take  on  the  characters  of  a  soft  sore.  When  the 
glands  in  the  groin  become  inflamed,  the  patient  must  be  con- 
fined to  bed,  and  a  dressing  impregnated  with  ichthyol  and 
glycerin  (10  per  cent.)  applied;  the  repeated  use  of  Klapp's 
suction  apparatus  (p.  48)  is  of  great  service,  and  if  suppuration 
takes  place,  the  pus  is  let  out  by  one  or  more  small  incisions 
and  the  use  of  the  suction  apparatus  continued. 

Diagnosis  of  Primanj  Syphilis. — In  typical  cases  in  which 
there  is  a  clear  history  of  an  incubation  period  of  from  three 
to  five  weeks,  when  the  sore  is  indurated,  persistent,  and 
indolent,  and  attended  with  bullet-buboes  in  the  groin,  the 
diagnosis  of  primary  syphilis  is  not  difficult.  It  is  important 
to  bear  in  mind  the  possibility  of  a  patient  having  acquired 
a  mixed  infection  with  the  virus  of  soft  chancre,  which  will 
manifest  itself  a  few  days  after  infection,  and  the  virus  of 
syphilis,  which  shows  itself  after  an  interval  of  several 
weeks.  This  occurrence  was  formerly  the  source  of  much  con- 
fusion in  diagnosis,  and  it  was  believed  at  one  time  that 
syphilis  might  result  from  soft  sores,  but  we  now  know  that 
syphilis  does  not  follow  upon  soft  sores  unless  the  virus  of 
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syphilis  lias  been  introduced  at  the  same  time.  The  practi- 
tioner must  be  on  his  guard,  therefore,  when  a  patient  asks 
his  advice  concerning  a  venereal  sore  which  has  appeared 
within  a  few  days  of  exposure  to  infection.  Such  a  patient 
is  naturally  anxious  to  know  whether  he  has  contracted 
syphilis  or  not,  but  neither  a  positive  nor  a  negative  answer 
can  be  given  until  the  incubation  period  of  syphilis  has  elapsed 
— that  is,  until  after  an  interval  of  four  or  five  weeks,  unless 
the  spirochsete  can  be  identified  in  a  scraping  from  the  sore. 

Syphilis  is  also  to  be  diagnosed  from  epitlielioma,  the 
common  form  of  cancer  of  the  penis.  It  is  especially  in 
elderly  patients  with  a  tight  prepuce  that  the  induration  of 
epithelioma  is  liable  to  be  mistaken  for  that  associated  with 
syphilis.  In  difficult  cases  the  prepuce  must  be  slit  open,  or 
the  patient  kept  under  observation  until  the  effects  of  treatment 
can  be  ascertained,  as  the  chancre  readily  yields  to  anti- 
syphilitic  remedies. 

Difficulty  may  occur  in  the  diagnosis  of  primary  syphilis 
from  herpes,  as  this  may  appear  as  late  as  ten  days  after 
connection ;  it  commences  as  a  group  of  vesicles  which  soon 
burst  and  leave  shallow  ulcers  with  a  yellow  floor ;  these  dis- 
appear quickly  on  the  use  of  an  antiseptic  dusting  powder. 

Apprehensive  patients  who  havO'  committed  sexual  indiscre- 
tions are  apt  to  regard  as  syphilitic  any  lesion  which  happens 
to  be  located  on  the  penis — for  example,  acne  pustules,  eczema, 
psoriasis  papules,  boils,  balanitis,  or  venereal  warts. 

Treatment  of  Primary  Syphilis. — Eeference  may  be  made  in 
the  first  instance  to  the  question  of  excising  or  destroying  the 
primary  lesion  Avith  a  view  to  preventing  general  infection. 
As  a  matter  of  fact,  this  question  very  rarely  arises  in  practice, 
because  by  the  time  the  chancre  has  sufficiently  developed  to 
be  diagnosed  with  certainty,  the  virus  has  already  entered  the 
lymphatics.  When  the  chancre  is  situated  on  the  prepuce, 
however,  it  may  be  an  advantage  to  perform  circumcision,  but 
without  holding  out  any  certain  hope  of  preventing  constitu- 
tional infection.  In  the  case  of  chancres  which  cannot  be 
removed  by  circumcising  the  patient,  attempts  have  been  made 
to  prevent  constitutional  infection  by  injecting  into  the  tissues 
around  the  lesion  a  mercurial  preparation  which  will  destroy 
the  spirochsetes. 

When  the  diagnosis  of  syphilis  is  established,  we  agree  Avith 
those  who,  regarding  mercury  as  the  best-known  antidote  to 
the  virus  of  syphilis,  aim  at  bringing  the  patient  under  the 
influence  of  the  drug  before  the  disease  has  become  generalised. 
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The  methods  of  administering  it  will  be  described  with  the 
treatment  of  secondary  syphilis. 

The  local  treatment  chiefly  consists  in  the  maintenance  of 
cleanliness.  The  part  is  washed  night  and  morning,  prefer- 
ably with  peroxide  of  hydrogen ;  if  the  surface  is  unbroken,  it 
may  be  dusted  hghtly  with  a  powder  composed  of  equal  parts 
of  calomel  and  carbonate  of  zinc.  If  there  is  an  ulcer,  the 
best  application  is  a  piece  of  lint  or  gauze  soaked  in  black 
wash,  renewed  night  and  morning,  or  oftener  if  there  is  much 
discharge,  and  kept  in  place  either  by  drawing  the  prepuce 
over  it  or  by  a  few  turns  of  narrow  bandage  or  plaster.  The 
penis  and  scrotum  should  be  supported  against  the  abdominal 
wall  by  a  triang-ular  handkerchief  or  bathing-drawers,  and  if 
there  is  inflammatory  oedema  the  patient  should  be  confined 
to  bed. 

In  concealed  chancres  with  phimosis,  the  sac  of  the  prepuce 
should  be  frequently  washed  out,  by  means  of  a  syringe,  with 
sublimate  lotion  (1-2000)  or  peroxide  of  hydrogen,  and  the  sac 
packed  with  a  strip  of  lint  soaked  in  black  wash  so  as  to 
separate  the  prepuce  from  the  glans.  If  this  does  not  eliminate 
the  septic  element,  it  is  better  to  circumcise  the  patient  and 
thus  obtain  free  access  to  the  lesion.  If  phagedsena  occurs,  the 
prepuce  must  be  slit  open  along  the  dorsum,  or  if  sloughing, 
cut  away,  and  the  patient  should  have  frequent  sitz  baths 
of  weak  sublimate  lotion.  When  the  chancre  is  within  the 
meatus,  iodoform  bougies  are  inserted  into  the  urethra,  and  the 
urine  should  be  rendered  bland  by  drinking  large  quantities  of 
fluid. 

Secondary  Syphilis. — The  following  description  of  secondary 
syphilis  is  based  on  the  average  course  of  the  disease  in  un- 
treated cases.  The  onset  of  constitutional  symptoms  occurs 
from  six  to  twelve  weeks  after  the  original  infection,  and  the 
manifestations  are  the  result  of  the  entrance  of  the  virus  into 
the  general  circulation,  and  its  being  carried  to  all  parts  of  the 
body.  The  period  during  which  the  patient  is  liable  to  sufi'er 
from  secondary  symptoms  varies  from  six  months  to  two 
years. 

In  some  cases  the  general  health  is  not  disturbed ;  in 
others  the  patient  is  feverish  and  out  of  sorts,  losing  appetite, 
becoming  pale  and  an£emic,  complaining  of  lassitude,  incapacity 
for  exertion,  headache,  and  pains  of  a  rheumatic  type  referred 
to  the  bones.  There  is  a  moderate  degree  of  leucocytosis,  but 
the  increase  is  due  not  to  the  polymorphonuclear  leucocytes 
but  to  lymphocytes.    In  isolated  cases  the  temperature  rises 
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to  101°  or  l02°  F.  and  the  patient  loses  flesh.  The  lymphatic 
glands  accessible  to  palpation,  particularly  those  along  the 
posterior  border  of  the  sterno-mastoid,  become  enlarged  and 
slightly  tender.  The  hair  comes  out,  eruptions  appear  on  the 
skin  and  mucous  membranes,  and  the  patient  may  suffer  from 
sore  throat  and  affections  of  the  eyes.  The  local  lesions  are 
to  be  regarded  as  being  of  the  nature  of  reactions  against 
accumulations  of  the  parasite,  lymphocytes  and  plasma  cells 
being  the  elements  chiefly  concerned  in  the  reactive  process. 

Affeetio7is  of  the  Skin  are  among  the  most  constant  mani- 
festations of  secondary  syphilis.  An  evanescent  macular  rash, 
not  unlike  that  of  measles — roseola — is  the  first  to  appear, 
usually  in  from  six  to  eight  weeks  from  the  date  of  infection ; 
it  is  widely  diffused  over  both  aspects  of  the  trunk,  and  the 
original  dull  rose-colour  soon  fades,  leaving  brownish  stains, 
which  in  time  disappear.  It  is  usually  followed  by  a  papular 
eruption,  the  individual  papules  being  raised  above  the  surface 
of  the  skin,  smooth  or  scaly,  and  as  they  are  due  to  infiltration 
of  the  skin  they  are  more  persistent  than  the  roseoles.  They 
vary  in  size  and  distribution,  being  sometimes  small,  hard, 
polished,  and  closely  aggregated  like  lichen,  sometimes  as  large 
as  a  shilling-piece,  with  an  accumulation  of  scales  on  the  surface 
like  that  seen  in  psoriasis.  The  co-existence  of  scaly  papules 
■and  faded  roseoles  is  very  suggestive  of  syphilis. 

Other  tyjjes  of  eruption  are  less  common,  and  are  met  with 
from  the  third  month  onwards.  A  pustular  eruption,  not 
unlike  that  of  acne  or  of  chicken-pox,  is  sometimes  a  prominent 
feature,  but  is  not  characteristic  of  syphilis  unless  it  aflects 
the  scalp  and  forehead  and  is  associated  with  the  remains 
of  the  papular  eruption.  The  term  ecthyma  is  applied  when 
the  pustules  are  of  large  size,  and,  after  breaking  on  the  surface, 
give  rise  to  superficial  ulcers  ;  the  discharge  from  the  ulcer  often 
dries  up  and  forms  a  scab  or  crust  which  is  continually  added  to 
from  below  as  the  ulcer  extends  in  area  and  depth.  The  term 
rupia  is  applied  when  the  crusts  are  prominent,  dark  in  colour, 
and  conical  in  shape,  roughly  resembling  the  shell  of  a  limpet. 
If  the  crust  is  detached,  a  sharply  defined  ulcer  is  exposed,  and 
when  this  heals  it  leaves  a  scar  which  is  usually  circular,  thin, 
white,  shining  like  satin,  and  the  surrounding  skin  is  darkly 
pigmented ;  in  the  case  of  deep  ulcers,  the  scar  is  depressed  and 
fixed.  The  student  must  be  prepared  to  meet  Avith  all  gradations 
of  skin  lesions  from  papules  to  punched-out  ulcers,  and  should 
regard  a  combination  of  the  different  types  as  suggestive  of 
syphilis. 
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In  the  Later  stages  there  may  occur  a  fcirm  of  creeping  or 
spreading  idceration  of  the  skin  of  the  face,  groin,  or  scrotum, 
heaHug  at  one  edge  and  spreading  at  another  like  tuberculous 
hipus,"but  distinguished  from  this  by  its  much  more  rapid 
progress  and  by  the  pigmentation  of  the  scar. 

Condylomata  are  probably  more  characteristic  of  syphilis 
than  any  other  type  of  skin  lesion.  They  are  papules  occurring 
on  those  parts  of  the  body  where  the  skin  is  habitually  moist, 
and  especially  where  two  skin  surfaces  are  in  contact.  They 


Fig.  39.— Syphilitic  Rupia, 


are  chiefly  met  with  in  relation  to  the  external  genitals, 
especially  in  women,  around  the  anus,  beneath  large  pendulous 
mammae,  between  the  toes,  and  at  the  angles  of  the  mouth,  and 
in  these  situations  their  develo]jmeut  is  greatly  favoured  by 
neglect  of  cleanliness.  They  present  the  appearance  of  well- 
defined  circular  or  ovoid  areas  in  which  the  skin  is  thickened 
and  raised  above  the  surface  ;  they  are  covered  with  a  white 
sodden  epidermis,  and  furnish  a  scanty  but  very  infective 
discharge.  Under  the  influence  of  irritation  and  want  of  rest, 
as  at  the  anus  or  at  the  angle  of  the  mouth,  they  arc  apt  to 
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become  fissured  and  superficially  ulcerated,  and  the  discharge 
then  becomes  more  abundant,  and  may  crust  on  the  surface, 
forming  yellow  scabs.  At  the  angle  of  the  mouth  the 
condylomatous  patches  may  spread  to  the  cheek,  and  when  they 
ulcerate  may  leave  numerous  fissure-like  scars  radiating  from 
the  mouth — an  appearance  best  seen  in  inherited  syphilis 
(Fig.  42). 

The  A2Jpendages  of  the  Shin. — The  hair  loses  its  gloss,  becomes 
dry  and  brittle,  and  readily  falls  out,  either  as  an  exaggeration 
of  the  normal  shedding  of  the  hair,  or  in  scattered  areas  over  the 
scalp.  The  hair  is  not  re-formed  in  the  scars  which  result  from 
ulcerated  lesions  of  the  scalp.  TJie  nail -  folds  occasionally 
present  a  pustular  eruption  and  superficial  ulceration,  to  which 
the  name  syphilitic  onychia  has  been  applied ;  more  commonly 
the  nails  become  brittle  and  ragged,  and  they  may  even  be 
shed. 

The  Mucous  Membranes,  and  especially  those  of  the  mouth 
and  throat,  suffer  from  lesions  similar  to  those  met  with  on  the 
skin.  On  a  mucous  surface  the  papular  eruption  assumes  the 
form  of  mibcous  patches.,  which  are  areas  with  a  congested  base 
covered  with  a  thin  white  film  of  sodden  epithelium  like  wet 
tissue-paper.  They  are  best  seen  on  the  inner  aspect  of  the 
cheeks,  the  soft  palate,  uvula,  pillars  of  the  fauces,  and  tonsils. 
When  a  mucous  patch  is  in  contact  with  a  rough  tooth,  it  may 
give  way  on  the  surface  and  ulcerate.  In  addition  to  mucous 
patches,  there  may  be  a  number  of  small,  snperjicial,  Mdney 
shaped  ulcers,  especially  along  the  margins  of  the  tongue  and 
on  the  tonsils.  In  the  absence  of  mucous  patches  and  ulcers, 
the  sore  throat  may  be  characterised  by  a  bluish  tinge  of  the 
inflamed  mucous  membrane  and  a  thin  film  of  shed  epithelium 
on  the  surface.  Sometimes  there  is  an  elongated  sinuous  film 
which  has  been  likened  to  the  track  of  a  snail.  In  the  larynx 
the  presence  of  congestion,  oedema,  and  mucous  patches  may 
be  the  cause  of  jjersistent  hoarseness.  The  tongue  often  presents 
a  combination  of  lesions,  including  ulcers,  patches  where  the 
papillte  are  absent,  fissures,  and  raised  white  papules  resembling 
warts,  especially  towards  the  centre  of  the  dorsum.  These 
lesions  are  specially  apt  to  occur  in  those  who  smoke,  drink, 
or  eat  hot  condiments  to  excess,  and  in  those  Avith  irregular, 
sharp-cornered  teeth.  At  a  later  period,  and  in  those  who  are 
broken  down  in  health  from  intemperance  or  other  cause, 
the  sore  throat  may  take  the  form  of  rapidly  spreading, 
penetrating  ulcers  in  the  soft  palate  and  pillars  of  the 
fauces,  which  may  lead  to  extensive  destruction  of  tissue. 


ACQUIRED  SYPHILIS 


175 


In  exceptional  cases,  an  ulceration  commencing  in  the  fauces 
spreads  forwards  along  the  palate  and  destroys  the  entire  roof 
of  the  mouth. 

In  the  hones,  lesions  occur  which  assume  the  clinical  features 
of  an  evanescent  periostitis,  the  patient  complaining  of  nocturnal 
pains  over  the  frontal  bone,  sternum,  tibiae  and  ulnae,  and 
localised  tenderness  on  tapping  over  these  bones. 

In  the  joints,  a  serous  synovitis  or  hydrops  may  occur,  chiefly 
in  the  knee,  on  one  or  on  both  sides. 

The  Affections  of  the  Eyes,  although  fortunately  rare,  are  of 
great  importance  because  of  the  serious  results  which  may  follow 
if  they  are  not  recognised  and  treated.  Iritis  is  the  commonest 
of  these,  and  may  occur  in  one  or  in  both  eyes,  one  after  the 
other,  from  three  to  eight  months  after  infection.  The  patient 
complains  of  impairment  of  sight  and  of  frontal  or  supraorbital 
pain.  The  eye  waters  and  is  hypersensitive,  the  iris  is  dis- 
coloured and  reacts  sluggishly  to  light,  and  there  is  a  zone  of 
ciliary  congestion  around  the  cornea.  The  appearance  of 
minute  white  nodules  or  flakes  of  lymph  at  the  margin  of  the 
pupil  is  especially  characteristic  of  syphilitic  iritis.  When 
adhesions  have  formed  between  the  iris  and  the  structures  in 
relation  to  it,  the  pupil  dilates  irregularly  under  atropin. 
Although  complete  recovery  is  to  be  expected  under  early  and 
energetic  treatment,  if  neglected,  iritis  may  result  in  occlusion 
of  the  pupil  and  permanent  impairment  or  loss  of  sight. 

The  other  lesions  of  the  eye  are  much  rarer,  and  can  only  be 
discovered  on  ophthalmoscopic  examination.  Choroiditis  occms 
in  patches,  and  leaves  areas  of  a  white  or  grey  colour  surrounded 
by  black  pigment.  Unless  these  patches  occur  in  the  vicinity 
of  the  optic  disc,  they  give  rise  to  no  symptoms.  Neuro-retinitis, 
on  the  other  hand,  attracts  attention  because  it  is  attended  with 
failure  of  sight  in  one  or  in  both  eyes ;  the  optic  disc  and 
adjacent  retina  present  the  usual  appearances  of  inflammation, 
becoming  blurred  and  hazy. 

The  virus  of  syphilis  exerts  a  special  influence  upon  the 
Blood-vessels,  exciting  a  proliferation  of  the  endothelial  lining 
which  results  in  narrowing  of  their  lumen,  endarteritis,  and  a 
perivascular  infiltration  in  the  form  of  accumulations  of  plasma 
colls  around  the  vessels  and  in  the  lymphatics  that  accomjiany 
them. 

In  the  Brain,  in  the  later  periods  of  secondary  and  in 
tertiary  syphilis,  changes  occur  as  a  result  of  the  narrowing 
of  the  lumen  of  the  arteries,  or  of  their  complete  oblitera- 
tion by  thrombosis.     l]y  interfering  with  the  nutrition  of 
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those  parts  of  the  brain  supplied  by  the  affected  arteries, 
these  lesions  give  rise  to  cUnical  features  of  which  severe 
headache  and  paralysis  are  the  most  prominent.  The 
paralysis  may  involve  one  side  of  the  body  (hemiplegia), 
and  be  attended  with  convulsions  and  coma,  or  may  be 
confined  to  one  limb  or  to  the  area  of  distribution  of  certain 
of  the  cranial  nerves.  Anti-syphilitic  remedies  have  but 
little  curative  influence  in  these  lesions,  and  the  paralysis  is 
often  permanent. 

Affections  of  the  Spinal  Cord  are  extremely  rare,  but  para- 
plegia from  myelitis  has  been  observed. 

Lastly,  attention  must  be  directed  to  the  remarkable 
variations  observed  in  different  patients,  not  only  when  the 
disease  is  allowed  to  run  its  course  without  treatment,  but  also 
when  anti-syphilitic  remedies  have  been  employed.  Sometimes 
the  virulent  character  of  the  disease  can  only  be  accounted  for 
by  an  idiosyncrasy  of  the  patient.  Constitutional  symptoms, 
particularly  pyrexia  and  ansemia,  are  most  often  met  with  in 
young  women.  Patients  over  forty  years  of  age  have  greater 
difficulty  in  overcoming  the  infection  than  younger  adults. 
Malarial  and  other  fevers,  and  the  conditions  attending 
Hfe  in  tropical  countries,  from  the  debility  which  they 
cause,  tend  to  aggravate  and  prolong  the  disease,  which  then 
assumes  the  characters  of  what  has  been  called  malignanf 
sijphilis.  All  chronic  ailments  have  a  similar  influence,  and 
alcoholic  intemperance  is  universally  regarded  as  a  serious 
aggravating  factor.  It  is  a  popular  belief  that  syphilis  acquired 
in  certain  countries  is  of  a  specially  virulent  type,  but  if  the 
factors  to  which  reference  has  just  been  made  are  eliminated, 
there  remains  no  evidence  to  support  such  a  belief.  It  would 
appear  to  be  rather  a  question  of  the  resistance  of  the  indi- 
vidual than  of  the  virulence  of  the  infecting  agent.  These 
considerations  have  an  important  bearing  on  the  treatment  of 
the  disease. 

Diagnosis  of  Secondary  Syphilis. — A  routine  examination 
should  be  made  of  the  parts  of  the  body  which  are  most  often 
affected  in  this  disease — the  scalp,  mouth,  throat,  posterior 
cervical  glands,  and  the  trunk,  the  patient  being  stripped  and 
examined  by  daylight.  Among  the  diagnostic  feaiures  of  the 
shin  affections  the  following  may  be  mentioned  : — They  are 
frequently,  and  sometimes  to  a  marked  degree,  symmetrical: 
more  than  one  type  of  eruption — papules  and  pustules,  for 
example— may  be  present  at  the  same  time  ;  there  is  little 
itching;  they  are  at  first  a  dull-red  colour,  but  later  present 
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a  brown  pigmentation  which  has  been  likened  to  the  colour  of 
raw  ham;  they  exhibit  a  predilection  for  those  parts  of  the 
forehead  and  neck  which  are  close  to  the  roots  of  the  hair ; 
they  tend  to  pass  oif  spontaneously ;  and  they  disappear 
rapidly  under  the  influence  of  mercury. 

Serum  Diagnosis  —  Wassermann  Eeaction.  —  "There  is 
general  agreement  amongst  workers  on  the  subject  that  this 
test  affords  by  far  the  most  reliable  means  of  diagnosing  the 
disease ;  and  on  comparing  the  results  obtained  it  will  not  be 
an  overestimate  to  say  that  a  positive  result  may  be  obtained 
in  at  least  90  per  cent,  of  cases  where  there  is  evidence  of 
active  general  infection.  The  reaction  generally  appears  first 
on  the  fifteenth  to  the  thirtieth  day  after  the  appearance  of 
the  sore,  and  then  gradually  becomes  more  marked  ;  during 
the  period  of  secondary  manifestations  it  is  practically  always 
present ;  in  the  tertiary  stage  with  active  manifestations  a 
positive  result  is  only  a  little  less  frequent.  As  the  disease 
becomes  inactive  or  is  cured  the  reaction  may  disappear,  but 
it  is  to  be  noted  that  disappearance  of  the  reaction  after  being 
present  does  not  necessarily  imply  cure  of  the  disease.  The 
disease  may  only  have  become  latent,  and  on  its  becoming 
once  more  active  the  reaction  may  re-appear.  Energetic  treat- 
ment with  mercury  may  also  diminish  or  annul  the  reaction ; 
in  fact  its  presence  and  intensity  would  appear  to  be  definitely 
related  to  the  activity  of  the  syphilitic  lesions.  A  positive 
reaction  is  also  present  in  a  large  majority  of  cases  of  general 
paralysis  and  of  tabes,  and  may  be  given  by  the  cerebro-spinal 
fluid  as  well  as  by  the  blood  serum.  As  regards  other  diseases, 
a  positive  reaction  has  been  recorded  as  occurring  in  leprosy 
and  sleeping-sickness  and  also  in  yaws,  but  apart  from  these 
diseases  it  is  practically  never  met  Avith."  ^ 

Treatment  of  Secondary  Syphilis.— In  the  treatment  of 
syphilis  the  two  main  objects  are  to  maintain  the  general 
health  at  the  highest  possible  standard,  and  to  introduce  into 
the  system  therapeutic  agents  which  will  inhibit  or  destroy  the 
invading  parasite. 

The  General  Health. — The  patient  must  lead  a  regular  life 
and  cultivate  the  fresh-air  habit,  which  is  as  beneficial  in  syphilis 
as  m  tuberculosis.  Anaemia,  malaria,  and  other  sources  of 
debility  must  receive  appropriate  treatment.  The  diet  should 
be  simple  and  easily  digested,  and  should  include  a  full  supply 
of  milk.  Alcohol  is  prohibited  unless  it  is  required  as  a  food, 
m  which  case  beer,  claret,  or  stout  may  be  allowed  at  meals. 
'  Mcmual  of  Bacteriology,  Muir  aud  Ritchie,  5th  edition,  1911. 
VOL.  I. — 12 
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The  excretory  organs  are  encouraged  to  act  by  the  liberal  drink- 
ing of  hot  water  between  meals,  say  five  or  six  tumblerfuls  in 
the  twenty-four  hours.  The  functions  of  the  skin  are  further 
aided  by  frequent  hot  baths,  and  by  the  wearing  of  warm  under- 
clothing. While  the  patient  should  avoid  exposure  to  cold,  and 
taxing  his  energies  by  undue  exertion,  he  should  be  advised  to 
take  exercise  in  the  open  air.  On  account  of  the  liability  to 
lesions  of  the  mouth  and  throat,  he  should  use  tobacco  in 
moderation,  his  teeth  should  be  thoroughly  overhauled  by  the 
dentist,  and  he  should  brush  them  after  every  meal,  using  an 
antiseptic  tooth  powder  or  wash.  The  mouth  and  throat  should 
be  rinsed  out  night  and  morning  with  a  solution  of  chlorate  of 
potash  and  alum,  or  with  peroxide  of  hydrogen. 

The  Administration  of  Mercury. — As  soon  as  the  diagnosis 
is  established,  the  patient  should  be  brought  under  the  influ- 
ence of  mercury.  The  amount  of  mercury  to  be  given  in  any 
case  must  be  proportioned  to  the  idiosyncrasies  of  the  patient, 
and  it  is  advisable,  before  commencing  the  treatment,  to  test 
his  urine  and  record  his  body-weight.  The  small  amount  of 
mercury  given  at  the  outset  is  gradually  increased  until  there 
appears  a  trace  of  soreness  of  the  gums  ;  it  is  then  diminished 
so  as  just  to  fall  short  of  producing  this  effect.  Having  thus 
discovered  the  proper  dose  for  the  individual,  it  should  be 
continued  for  two  years  unless  any  contra-indication  develops. 
If  the  body-weight  falls,  or  if  the  gums  become  sore  and  the 
breath  foul,  the  mercury  should  be  stopped  for  a  time.  If 
salivation  occurs,  the  drinking  of  hot  water  and  the  taking  of 
hot  baths  should  be  insisted  upon,  and  half-dram  doses  of  the 
alkaline  sulphates  prescribed. 

Methods  of  Administering  Mercury. — (1)  By  the  Mouth. — 
This  has  long  been  the  most  popular  method  in  this  coimtry, 
the  preparation  usually  employed  being  grey  powder,  in  pills 
or  tablets,  each  of  which  contains  one  grain  of  the  powder. 
Three  of  these  are  given  daily  in  the  first  instance,  and  the 
daily  dose  is  increased  to  five  or  even  seven  grains  till  the 
standard  for  the  individual  patient  is  arrived  at.  As  the  grey 
powder  alone  sometimes  causes  irritation  of  the  bowels,  it 
should  be  combined  with  iron,  as  in  the  following  formula  : — 
Hydrarg.  c.  cret.  gr.  1  ;  ferri  sulph.  exsiccat.  gr.  1  or  2. 

When  the  grey  powder  fails  to  relieve  or  does  not  agree  with 
the  patient,  some  other  preparation  may  be  substituted,  such 
as  the  green  iodide  of  mercury,  in  doses  of  quarter  or  half  a 
grain,  gradually  raised  to  one  grain  three  times  a  day  :  or  the 
liquor  of  the  perchloride  of  mercury  in  dram  doses. 
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(2)  Bij  Inunction. — Inuuction  consists  in  rubbing  into  the 
pores  of  the  skin  an  ointment  composed  of  equal  parts  of  20  per 
cent,  oleate  of  mercury  and  lanolin.  Every  night  after  a  hot 
bath,  a  dram  of  the  ointment  (made  up  by  the  chemist  in 
paper  packets)  is  rubbed  for  fifteen  minutes  into  the  skin 
where  it  is  soft  and  comparatively  free  from  hairs.  Different 
parts  of  the  body  should  be  selected  in  rotation,  and  scrupulous 
cleanliness  observed  so  as  to  avoid  septic  irritation  of  the  skin. 
The  underclothing  becomes  impregnated  with  merci;ry,  and,  as 
it  cannot  be  washed,  must  be  thrown  away  when  soiled.  In- 
unction is  undoubtedly  troublesome,  but  is  by  far  the  most 
eificient  method  of  bringing  the  patient  rapidly  under  the 
influence  of  mercury,  and  it  is  therefore  specially  valuable  in 
syphilis  where  time  has  already  been  lost  and  the  patient  first 
seeks  advice  for  an  iritis  or  other  late  lesion.  It  is  also  of 
value  in  cases  of  cerebral  syphilis,  in  syphilis  appearing  after 
marriage,  and  in  cases  in  which  the  symptoms  persist  in  spite 
of  the  administration  of  mercury  by  the  mouth.  When  the 
patient  has  been  brought  under  the  influence  of  the  mercury, 
inunction  may  be  replaced  by  one  of  the  other  methods  of 
administering  the  drug. 

(3)  By  Intramusmlar  Injection. — This  consists  in  introducing 
the  drug  by  means  of  a  hypodermic  syringe  into  the  substance 
of  the  gluteal  muscles.  The  skin  of  the  patient,  the  prepara- 
tion employed,  and  the  instrument  must  be  sterilised.  The 
syringe  is  made  of  glass,  and  has  a  solid  glass  piston ;  the 
needle  of  platino-iridium  should  be  5  cm.  long  and  of  a  larger 
calibre  than  the  ordinary  hypodermic  needle.  The  preparation 
usually  employed  consists  of  :  metallic  mercury  or  calomel 
one  dram,  lanolin  and  olive  oil  each  two  drams  ;  it  must  be 
warmed  to  allow  of  its  passage  through  the  needle.  Five 
minims — containing  one  grain  of  metallic  mercury — represent 
a  dose,  and  this  is  injected  into  the  muscles  above  and  behind 
the  great  trochanter  once  a  week.  The  contents  of  the  syringe 
are  slowly  expressed,  and,  after  withdrawing  the  needle, 
gentle  massage  of  the  buttock  should  be  employed.  Four  courses 
each  of  ten  injections  are  given  the  first  year,  three  courses 
of  the  same  number  during  the  second  and  third  years,  and 
two  courses  during  the  fourth  year  (Lambkin).  This  method 
has  been  found  specially  useful  by  naval  and  military  surgeons 
who  cannot  rely  on  the  men  taking  pills,  and  as  the  injection 
IS  only  made  at  intervals  the  patient  need  not  be  admitted  to 
hospital;  unless,  however,  the  dose  is  regulated  with  great 
accuracy,  mercurial  poisoning  may  result,  with,  it  may  be, 
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serious  consequences.  We  have  used  the  method  in  the  Lock 
Wards  of  the  Royal  Infirmary,  and  have  been  satisfied  with 
the  results  obtained ;  it  is,  however,  inferior  to  inunction  in 
the  rapidity  with  which  the  patient  is  mercurialised. 

Iodides  in  Secondary  Syphilis. — While  generally  recognised 
as  being  of  little  use  at  the  beginning  of  the  secondary  stage, 
iodides  are  of  value  in  the  treatment  of  the  later  mani- 
festations, especially  those  which  approach  in  character  the 
lesions  of  the  tertiary  period  and  do  not  yield  to  mercury  alone, 
such  as  the  deeper  lesions  in  the  skin  and  throat,  and  in  the 
nervous  system.  The  iodide  of  potassium  or  sodium  is  given 
in  five  to  fifteen  grain  doses  thrice  daily,  either  in  solution 
along  with  the  bichloride  of  mercury,  or  separately  in  the  form 
of  tablets.  When  iodides  are  given  after  the  completion  of  a 
course  of  mercury,  their  eS'ects  must  be  watched,  as  the  iodides 
liberate  mercury  which  has  accumulated  in  an  insoluble  form 
in  the  tissues,  and  salivation  may  result.  Two  years  having 
been  devoted  to  the  continuous  administration  of  mercury, 
combined  with  iodides  during  the  last  three  months  of  the 
second  year,  both  remedies  should  be  given  during  one  month 
in  the  middle  of  the  thu'd  and  of  the  fourth  years. 

In  cases  with  marked  debility  and  cachexia,  in  which 
mercury  and  iodides  have  failed  -to  give  relief  or  appear  even 
to  have  aggravated  the  disease  (and  this  is  most  often  the  case 
in  patients  who  have  resided  in  tropical  countries),  a  trial  should 
be  given  to  sarsaparilla  taken  in  large  quantities  of  hot  water. 
One  of  the  best-known  preparations  is  Zittmann's  decoction, 
but  the  more  easily  obtained  concentrated  compound  decoction 
of  sarsaparilla,  in  doses  of  half  or  one  ounce  well  diluted  with 
hot  water,  taken  several  times  a  day  for  two  or  three  weeks,  is 
quite  as  efficacious.  We  can  bear  out  the  statement  that  it 
sometimes  acts  like  a  charm  when  all  other  treatment  has 
failed. 

Scdvarsan.  —  After  patient  research,  the  object  of  which 
was  to  determine  the  elective  affinities  of  certain  chemical 
substances  towards  variotis  organic  tissues,  Ehrlich  discovered 
the  elective  action  of  arsenical  compounds  upon  various  spirilla. 
The  direct  result  of  this  Avas  that  in  conjunction  with  his  pupil, 
Hata,  he  built  up  the  compound  dioxy-diamido-arseno-benzol, 
popularly  known  as  salvarsan  or  "606,"  which  is  already 
established  as  far  more  powerful  than  any  of  the  therapeutic 
agents  which  have  hitherto  been  used  in  the  treatment  of 
syphilis.  It  is  a  yellowish  powder  and  is  supplied  in  sealed 
glass  tubes,  each  containing  the  average  adult  dose  of  '6  gram. 


ACQUIRED  SYPHILIS 


181 


The  powder  is  dissolved  immediately  before  use  under  aseptic 
conditions  by  a  skilled  chemist ;  the  resulting  solution  is  then 
injected  deeply  into  the  gluteal  muscles  or  is  introduced  into 
a  vein.  The  intramuscular  injection  is  usually  followed  by  a 
(rood  deal  of  pain,  sometimes  by  a  disability  of  the  limb  on 
the  same  side,  and  occasionally  by  sloughing  of  the  tissues. 
Whenever  possible,  therefore,  the  intravenous  method  should 
be  preferred  ;  the  drug,  freely  diluted  with  warm  saline  solution, 
is  allowed  to  run  slowly,  by  gravitation,  into  the  left  median 
basilic  or  other  accessible  vein.  As  a  rule  the  patient  feels 
sick,  chilly,  and  depressed  some  six  to  ten  hours  after  the 
administration,  and  he  should  be  strongly  advised  to  keep  his 
bed  for  two  or  three  days. 

The  manifestations  of  the  disease,  whether  primary,  secondary, 
or  tertiary,  usually  disappear  Avith  remarkable  rapidity,  and  the 
same  holds  true  in  cases  which  have  resisted  mercurial  treatment. 
Observations  show  that  the  spirochetes  lose  their  capacity  for 
movement  within  an  houror  twoof  the  administration,  and  usually 
disappear  altogether  in  from  twenty-four  to  thirty-six  hours. 
Wassermann's  reaction  usually  yields  a  negative  result  in  from 
three  weeks  to  two  months,  but  later  may  again  become  positive. 
A  second  dose  of  salvarsan  is  therefore  usually  indicated.  It 
is  not  known  at  present  whether  the  mercurial  coiu'se  should 
be  prescribed  in  addition  to  treatment  by  salvarsan.  In  the 
meantime  it  would  appear  safer  to  carry  out  both  methods. 
,  It  need  scarcely  be  pointed  out  that  the  general  use  of  so 
powerful  a  drug  as  salvarsan  is  not  likely  to  be  free  from  risk ; 
it  may  be  mentioned  that  each  dose  contains  nearly  three  grains 
of  arsenic.  Before  administering  salvarsan  the  patient  must 
be  thoroughly  overhauled;  its  administration  is  absolutely 
contra-indicated  in  the  presence  of  disease  of  the  heart  and 
blood-vessels,  especially  a  combination  of  syphilitic  aortitis  and 
sclerosis  of  the  coronary  arteries,  with  degeneration  of  the 
heart  muscle;  in  cases  of  extensive  diffuse  affections  of  the 
central  nervous  system,  esijecially  advanced  paralysis,  and  in 
such  severe  disturbances  of  metabolism  as  are  associated  with 
diabetes  and  Bright's  disease. 

Treatment  of  the  Local  Manifestations.  —  The  sldn  Jesions 
are  treated  on  the  same  lines  as  similar  eruptions  of  other 
origin.  As  local  applications,  preparations  of  mercury  are  usually 
selected,  notably  the  ointments  of  the  red  oxide  of  mercury, 
ammoniated  mercury,  or  oleate  of  mercury  (.5  per  cent.),  or  the 
mercurial  plaster  introduced  by  Unna.  In  the  treatment  of 
condylomata  the  greatest  attention  must  be  paid  to  cleanliness 
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and  dryness.  After  washing  and  drying  the  affected  patches, 
they  are  dusted  with  a  powder  consisting  of  equal  parts  of 
calomel  and  carbonate  of  zinc ;  and  apposed  skin  surfaces,  such 
as  the  nates  or  labia,  are  separated  by  sublimate  wool.  In  the 
ulcers  of  later  secondary  syphilis,  crusts  are  got  rid  of  in  the 
first  instance  by  means  of  a  boracic  poultice,  after  which  a  piece 
of  lint  or  gauze  cut  to  the  size  of  the  ulcer  and  soaked  in  black 
wash  is  applied  and  covered  with  .oil-silk.  If  the  ulcer  tends 
to  spread  in  area  or  in  depth,  it  should  be  scraped  with  a  sharp 
spoon,  and  painted  over  with  acid  nitrate  of  mercury,  or  a 
hypersemia  may  be  induced  by  Klapp's  suction  apparatus. 

In  lesions  of  the  mouth  and  tliroat,  the  teeth  should  be 
attended  to ;  the  best  local  application  is  a  solution  of  chromic 
acid — ten  grains  to  the  ounce — painted  on  with  a  brush  once 
daily.  If  this  fails,  the  lesions  may  be  dusted  with  calomel 
the  last  thing  at  night.  For  deep  ulcers  of  the  throat  the 
patient  should  gargle  frequently  with  chlorine  water  or  with 
perchloride  of  mercury  (1  in  2000) ;  if  the  ulcer  continues  to 
spread  it  should  be  painted  with  acid  nitrate  of  mercury. 

In  the  treatment  of  iritis  the  eyes  are  shaded  from  the  light 
and  completely  rested,  and  the  pupil  is  well  dilated  by  atropin 
to  prevent  adhesions.  If  there  is  much  pain,  a  blister  may  be 
applied  to  the  temple. 

The  Relations  of  Syphilis  to  Marriage. — Before  the  intro- 
duction of  the  Erhlich-Hata  treatment  no  patient  was  allowed 
to  marry  until  three  years  had  elapsed  after  the  disappearance 
of  the  last  manifestation.  While  marriage  might  be  entered 
upon  under  these  conditions  without  risk  of  the  husband 
infecting  the  wife,  the  possibility  of  his  conveying  the  disease 
to  the  offspring  could  not  be  absolutely  excluded.  It  is  recom- 
mended as  a  precautionary  measure,  to  give  a  further  mercurial 
course  of  two  or  three  months'  duration  before  marriage,  or  its 
modern  equivalent,  an  intravenous  injection  of  salvarsan. 

Intermediate  Stage. — After  the  dying  away  of  the  secondary 
manifestations  and  before  the  appearance  of  tertiary  lesions,  the 
patient  may  present  certain  symptoms  which  Hutchinson  has 
called  reminders.  These  usually  consist  of  relapses  of  certain 
of  the  affections  of  the  skin,  mouth,  or  throat,  already  described. 
In  the  skin,  they  may  assume  the  form  of  peeling  patches  in 
the  palms,  or  may  appear  as  spreading  and  confluent  circles  of 
a  scaly  papular  erujition,  which  if  neglected  may  lead  to  the 
formation  of  fissures  and  superficial  ulcers.  Less  frequently 
there  is  a  relapse  of  the  eye  alfections,  or  of  paralytic  symptoms 
from  disease  of  the  cerebral  arteries. 
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Treatment  is  conducted  on  the  same  lines  as  in  secondary 

syphilis.  ,  ,.  ^ 

Tertiary  Syphilis.— While  the  manifestations  ot  primary 
and  secondary  syphilis  are  common,  those  of  the  tertiary  period 
are  by  comparison  rare,  and  are  observed  chiefly  in  those  who 
have  either  neglected  treatment  or  who  have  had  their  powers 
of  resistance  lowered  by  privation,  by  alcoholic  indulgence,  or 
by  tropical  disease. 

The  general  cliaraders  of  tertiary  manifestations  may  be 
stated  as  follows.  They 
attack  by  preference  the 
tissues  derived  from  the 
mesoblastic  layer  of  the  em- 
bryo— the  cellular  tissue, 
bones,  muscles,  and  viscera. 
They  are  often  localised  to 
one  particular  tissue  or 
organ,  such,  for  example^, 
as  the  subcutaneous  cellu- 
lar tissue,  the  bones,  or 
the  liver,  and  they  are 
rarely  symmetrical.  They 
are  usually  aggressive  and 
persistent,  with  little  tend- 
ency to  natural  cure,  and 
they  may  be  dangerous  to 
life,  because  of  the  de- 
structive changes  produced 
in  such  organs  as  the 
brain  or  the  larynx.  They 
are  remarkably  amenable 
to  treatment  by  iodides, 
if  these  are  given  before 

the  stage  which  is  attended  with  destruction  of  tissue  is 
reached.  Early  tertiary  lesions  may  be  infective  and  the 
disease  may  be  transmitted  by  the  discharges  from  them  ;  but 
the  later  the  lesions  the  less  is  the  risk  of  their  containing  an 
infective  virus. 

The  most  prominent  feature  of  tertiary  syphilis  consists  in 
the  formation  of  granulation  tissue,  and  this  takes  place  on  a 
.scale  considerably  larger  than  that  observed  in  lesions  of  the 
secondary  period.  The  granulation  tissue  frequently  forms  a 
definite  swelling  or  tumour-like  mass  (syphiloma),  which,  from 
its  peculiar  elastic  consistence,  is  known  as  a  gumma.    In  its 


Fig.  40. — Ulcerating  Gumma  of  Lips. 

(From  a  photograph  lent  by  Dr.  Stopford  Taylor 
and  Dr.  R.  W.  Mackenna.) 
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early  stages  a  gumma  is  a  firm,  semi-translucent  greyish  or 
greyish-red  mass  of  tissue;  later  it  becomes  opaque,  yellow 
and  caseous,  with  a  tendency  to  soften  and  liquefy.  The 
gumma  does  harm  by  displacing  and  replacing  the  normal 
tissue  elements  of  the  part  affected,  and  by  involving  these 
in  the  degenerative  changes,  of  the  nature  of  caseation  and 
necrosis,  which  produce  the  destructive  lesions  of  the  skin, 
mucous  membranes,  and  internal  organs.  This  is  true  not  only 
of  the  circumscribed  gumma,  but  of  the  condition  known  as 
gummatous  infiltration  or  sTjpliilHic  cirrhosis,  in  which  the 
granulation  tissue  is  diffused  throughout  the  connective-tissue 
framework  of  such  organs  as  the  tongue  or  liver.  Both 
the  gummatous  lesions  and  the  fibrosis  of  tertiary  syphilis 
are  directly  excited  by  the  spirochaetes. 

The  life-history  of  an  untreated  gumma  varies  with  its 
environment.  When  protected  from  injury  and  irritation  in 
the  substance  of  an  internal  organ  such  as  the  liver,  it  may 
become  encapsulated  by  fibrous  tissue,  and  persist  in  this 
condition  for  an  indefinite  period,  or  it  may  be  absorbed  and 
leave  in  its  place  a  fibrous  cicatrix.  In  the  interior  of  a  long 
bone  it  may  replace  the  rigid  framework  of  the  shaft  to  such 
an  extent  as  to  lead  to  pathological  fracture.  If  it  is  near  the 
surface  of  the  body — as,  for  example,  in  the  subcutaneous  or 
submucous  cellular  tissue,  or  in  the  periosteum  of  a  superficial 
bone,  such  as  the  palate,  the  skull,  or  the  tibia — the  tissue  of 
which  it  is  composed  is  very  apt  to  undergo  necrosis,  in  which 
the  overlying  skin  or  mucous  membrane  frequently  jDartici- 
pates,  the  result  being  an  ulcer — the  tertiary  syphilitic  ulcer 
(Figs.  20,  40,  and  41). 

Tertiary  Lesions  of  the  Skin  and  Subcutaneous  Cellular 
Tissue. — The  clinical  features  of  a  subcutaneous  gumma  are 
those  of  an  indolent,  painless,  elastic  swelling,  varying  in  size 
from  that  of  a  pea  to  that  of  an  almond  or  walnut.    After  a 
variable  period  it  usually  softens  in  the  centre,  the  skin  over  it 
becomes  livid  and  dusky,  and  finally  separates  as  a  slough,  ex- 
posing the  tissue  of  the  gumma,  which  sometimes  appears  as  a 
mucoid,  yellowish,  honey-like  substance ;  more  frequently  as  a 
sodden,  caseated  tissue  resembling  wash-leather.    The  caseated 
tissue  of  a  gumma  differs  from  the  corresponding  tissue  of  a 
tuberculous  lesion  in  being  tough  and  firm,  of  a  buff  colour  like 
wash-leather,  or  whitish,  like  boiled  fish.    The  degenerated 
tissue  of  a  gumma  separates  slowly  and  gradually,  and  in 
untreated  cases  may  be  visible  for  weeks  in  the  floor  of  the 
ulcer. 
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The  tertiary  ulcer  may  be  situated  anywhere,  but  is  most 
frequently  met  with  on  the  legs,  especially  in  the  region  of  the 
knee  (Pig.  41)  and  over  the  calf.  There  may  be  one  or  more 
ulcers,  and  also  scars  of  antecedent  ulcers.  The  edges 
are  sharply  cut,  as  if  punched  out ;  the  margins  are  rounded 
in  outline,  firm,  and  congested ;  the  base  is  occupied  by 
gummatous  tissue,  or,  if  this  has  already  separated  and 
sloughed  out,  by  unhealthy  granulations  and  a  thick  purulent 


Fig.  41. — Tertiary  Syphilitic  Ulceration  in  region  of  Knee  and  ou  both 
Thumbs  of  woman  £et.  37. 

discharge.  When  the  ulcer  has  healed  it  leaves  a  scar  which 
is  depressed,  and  if  over  a  bone,  is  adherent  to  it.  The 
features  of  the  tertiary  ulcer,  however,  are  not  always  so 
characteristic  as  the  above  description  would  imply.  It  is  to 
be  diagnosed  from  the  "leg  ulcer,"  w-hich  occurs  almost 
exclusively  on  the  lower  third  of  the  leg  ;  from  Bazin's  disease 
(p.  82) ;  f  rom  the  ulcers  which  result  from  certain  forms  of 
malignant  disease,  such  as  rodent  cancer,  and  from  those  met 
with  in  chronic  glanders. 

Gummatous  Infiltration  of  the  Skin  ("syphilitic  lupus").— 
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This  is  a  lesion,  met  with  chiefly  on  the  face  and  in  the  region 
of  the  external  genitals,  in  which  the  skin  becomes  infiltrated 
with  granulation  tissue  so  that  it  is  thickened,  raised  above  the 
surface,  and  of  a  brownish-red  colour.  It  appears  as  isolated 
nodules,  which  may  fuse  together ;  the  epidermis  becomes  scaly 
and  is  shed,  giving  rise  to  superficial  ulcers  which  are  usually 
covered  by  crusted  discharge.  The  disease  tends  to  spread, 
creeping  over  the  skin  with  a  serpiginous,  crescentic,  or  horse- 
shoe margin,  while  the  central  portion  may  heal  and  leave  a 
scar.  When  untreated,  the  lesion  is  persistent  and  destructive. 
From  the  fact  of  its  healing  in  the  centre  while  it  spreads  at 
the  margin,  it  may  simulate  tuberculous  disease  of  the  skin. 
The  syphilitic  affection  can  usually  be  differentiated  by  ob- 
serving that  the  infiltration  of  the  skin  is  on  a  larger  scale ; 
the  progress  of  the  disease  is  much  more  rapid,  involving  in  the 
course  of  months  an  area  which  in  the  case  of  tuberculosis 
would  require  as  many  years ;  the  scars  are  sounder  and  are  less 
liable  to  break  down  again ;  and,  finally,  the  disease  rapidly 
yields  to  anti-syphilitic  treatment. 

Tertiary  lesions  of  mucous  membrane  and  of  the  submucous 
cellular  tissue  are  met  with  chiefly  in  the  tongue,  nose,  throat, 
larynx,  and  rectum.  They  originate  as  gummata  or  as  gum- 
matous infiltrations,  which  are  liable  to  break  down  and  lead  to 
the  formation  of  ulcers  which  may  prove  locally  destructive, 
and,  in  such  situations  as  the  laryiix,  even  dangerous  to  life. 
In  the  tongue  the  tertiary  ulcer  may  prove  the  starting-point  of 
cancer;  and  in  the  larynx  or  rectum  the  healing  of  the  ulcer 
may  lead  to  cicatricial  stenosis  or  stricture. 

Tertiary  lesions  of  the  bones  and  joints,  of  the  muscles,  and 
of  the  internal  organs,  will  be  described  under  these  heads. 
The  part  played  by  syphilis  in  the  production  of  atheroma  and 
of  aneurysm  will  be  referred  to  along  with  diseases  of  blood- 
vessels. 

Diagnosis. — From  the  great  diversity  in  the  nature  and  seat 
of  the  lesions  met  with  in  tertiary  syphilis,  it  is  impossible  to 
lay  down  general  rules  for  diagnosis,  but  the  student  may  be 
cautioned,  on  the  one  hand,  against  relying  upon  the  absence 
of  a  history  of  antecedent  syphilis,  and,  on  the  other,  against 
diagnosing  lesions  as  syphilitic  simply  because  their  origin  is 
obscure.  The  Wassermann  test  should  be  had  recourse  to 
whenever  possible. 

Treatment. — The  most  valuable  drugs  for  the  treatment  of 
the  manifestations  of  the  tertiary  period  are  salvarsan  and  the 
iodides  of  sodium  and  potassium.    While  iodides  are  most 
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effective  in  promoting  the  absorption  of  recent  gunimata  and 
gummatous  infiltrations,  they  do  not  remedy  the  destructive 
changes  brought  about  by  gummata.  On  account  of  their 
depressing  effects,  they  are  frequently  prescribed  along  with 
carbonate  of  ammonium.  The  dose  is  usually  a  matter  of 
experiment  in  each  individual  case;  5  grains  three  times  a 
day  may  suffice,  or  it  may  be  necessary  to  increase  each  dose 
to  20  or  25  grains.  The  symptoms  of  iodism  which  may 
follow  from  the  smaller  doses  usually  disappear  on  giving  a 
larger  amount  of  the  drug.  It  should  be  taken  after  meals, 
with  abundant  water  or  other  fluid,  especially  if  given  in 
tablet  form.  It  is  advisable  to  continue  the  iodides  for  from 
one  to  three  months  after  the  lesions  for  which,  they  are 
given  have  cleared  up.  If  the  potassium  salt  is  not  tolerated, 
it  may  be  replaced  by  the  ammonium  or  sodium  iodide.  A 
combination  of  the  perchloride  of  mercury  with  iodides  is  in 
some  cases  more  efficacious  than  the  iodides  alone  A  com- 
bination of  iodine  with  sesame  oil,  known  as  iodipin,  is  said 
to  be  more  efficient  in  some  cases  than  iodides :  30  minims  of 
a  10-25  per  cent,  solution  are  given  thrice  daily  in  milk  two 
hours  after  food  ;  or  30  minims  of  a  25  per  cent,  solution  may 
be  injected  hypodermically  once  a  day.  The  general  health 
should  receive  the  same  careful  attention  as  during  the 
secondary  period  ;  much  assistance  is  sometimes  obtained  from 
sarsaparilla,  and  from  tonics  such  as  arsenic,  iron,  quinine,  and 
strychnin,  from  cod-liver  oil,  and  from  change  of  air  either  by 
land  or  sea. 

The  Local  Treatment. — The  absorption  of  a  subcutaneous 
gumma  is  often  hastened  by  the  application  of  a  fly-blister. 
The  incision  of  a  gumma  is  scarcely  ever  called  for.  When  a 
gumma  has  broken  on  the  surface  and  caused  an  ulcer,  this  is 
treated  on  general  principles,  with  a  preference,  however,  for 
applications  containing  mercury  or  iodine,  or  both.  If  a  wet 
dressing  is  required  to  cleanse  the  ulcer,  black  wash  may  be 
used  ;  if  a  powder  to  promote  dryness,  one  containing  iodoform  ; 
if  an  ointment  is  indicated,  the  choice  lies  between  the  red 
oxide  of  mercury  or  the  dilute  nitrate  of  mercury  ointment, 
and  one  consisting  of  equal  parts  of  lanolin  and  vaselin  with 
2  per  cent,  of  iodine.  When  there  is  any  spreading  tendency 
m  ulcers  of  the  skin  or  mucous  membrane,  the  surface  may 
be  cauterised  with  the  acid  nitrate  of  mercury.  Deep  ulcers, 
lesions  of  the  bones,  larynx,  and  other  parts  which  prove 
obstinate,  may  be  treated  by  operative  measures  directed 
towards  the  removal  of  the  diseased  tissues. 
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Second  attacks  of  syphilis,  although  very  rare,  do  occur, 
especially  in  those  who  have  been  successfully  treated.  So 
long  as  the  virus  of  syphilis  remains  active  in  the  system,  it 
l^rotects  the  patient  against  a  second  attack.  As  a  rule,  there- 
fore, there  is  an  interval  of  several  years  before  a  patient  who 
has  had  syphilis  can  contract  the  disease  a  second  time. 

As  connected  with  this  subject,  we  may  refer  to  the 
relapsing  false  indurated  chancre,  described  by  Hutchin,son 
and  by  Fournier,  as  it  may  be  the  source  of  difficulty  in 
diagnosis.  A  patient  who  has  had  an  infecting  chancre  one 
or  more  years  before,  presents  a  slightly  raised  induration 
on  the  penis  at  or  close  to  the  site  of  his  original  sore. 
Often  the  relapsed  induration  is  so  like  that  of  a  primary 
chancre  that  it  is  impossible  to  distinguish  it  except  by  the 
history.  If  he  has  lately  been  exposed  to  veuereal  infection, 
it  is  liable  to  be  regarded  as  the  primary  lesion  of  a  second 
attack  of  syphilis,  but  the  further  progress  shows  that  neither 
bullet-buboes  nor  secondary  manifestations  develop.  These 
facts,  together  with  the  disappearance  of  the  induration  under 
iodides,  make  it  very  likely  that  the  lesion  is  really  gummatous 
in  character. 

Inherited  Syphilis 

One  of  the  most  striking  features  of  syphilis  is  that  it 
may  be  transmitted  from  parents  who  have  suffered  from  the 
disease  to  their  offspring,  the  children  exhibiting  the 
manifestations  that  characterise  the  acquired  affection. 

The  more  recent  the  syphilis  in  either  parent  the  greater 
is  the  risk  of  the  disease  being  communicated  to  the  offspring  : 
so  that  if  either  parent  suffers  from  secondary  syphilis  the 
infection  is  almost  inevitably  transmitted.  The  capacity  of 
transmitting  the  disease,  however,  may  be  extended  after  the 
disappearance  of  all  secondary  manifestations. 

While  it  is  certain  that  either  parent  may  be  responsible 
for  transmitting  the  disease  to  the  next  generation,  the  exact 
method  of  transmission  is  not  known.  In  the  case  of  a 
syphilitic  mother,  it  is  most  probable  that  the  infection  is 
conveyed  to  the  foetus  by  the  placental  circulation.  In  the 
case  of  a  syphilitic  father,  it  is  commonly  believed  that  the 
infection  is  conveyed  to  the  ovum  through  the  seminal  fluid 
at  the  moment  of  conception.  If  a  series  of  children,  one 
after  the  other,  suffer  from  inherited  syphilis,  it  is  almost 
invariably  the  case  that  the  mother  has  herself  suffered  from 
syphilis. 
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In  contrast  to  the  acquired  form,  inherited  syphilis  is 
remarkable  for  the  absence  of  any  primary  stage,  the  infection 
beinf^  a  general  one  from  the  outset,  and  the  infection  is  much 
more  intense.  The  spirocheete  is  demonstrated  in  incredible 
numbers  in  the  liver,  spleen,  lung,  and  other  organs,  and  in 
the  nasal  secretion,  and,  from  any  of  these,  successful  inocula- 
tions in  monkeys  are  readily  made.  The  manifestations  differ 
in  degree  rather  than  in  kind  from  those  of  the  acquired 
disease ;  the  difference  is  partly  due  to  the  fact  that  the  virus 
is  attacking  developing  instead  of  fully  formed  tissues. 

The  virus  'exercises 
a  most  injurious  in- 
fluence on  the  foetus, 
which  in  many  cases 
dies  during  the  early 
months  of  intra-uterine 
life,  so  that  miscarriage 
results,  and  this  may 
take  place  in  repeated 
pregnancies,  the  date  at 
which  the  miscarriage 
occurs  becoming  later 
and  later  as  the  virus 
in  the  mother  becomes 
attenuated.  Eventu- 
ally a  child  is  carried 
to  full  term,  and  it  may 
be  still-born,  or,  if  born 
alive,  may  suffer  from 
syphilitic  manifesta- 
tions. It  has  usually 
been  taught  that  in  a 
family  of  syphilitic 
children  the  elder  ones 
suffer  more  severely  than  the  younger,  because  they  come 
nearer  to  the  parental  infection,  but  it  would  not  appear  that 
there  is  any  such  variation  in  severity.  It  is  difficult  to 
explain  such  vagaries  of  syphilitic  inheritance  as  the  infection 
of  one  twin  and  the  escape  of  the  other. 

Clinical  Features. — We  are  not  here  concerned  with  the 
severe  forms  of  the  disease  which  soon  prove  fatal,  but  with  the 
milder  forms  in  which  the  infant  is  apparently  healthy  when 
born,  but  after  from  two  to  six  weeks  begins  to  show  evidence 
of  the  syphilitic  taint. 


Fig.  42.- 


-Facies  of  Inlierited  Syphilis  in  a 
girl  set.  20. 
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The  usual  phenomena  are  that  the  child  ceases  to  thrive, 
hecomes  thin  and  sallow  and  suffers  from  eruptions  on  the 
skin  and  mucous  membranes.  There  is  frequently  a 
characteristic  condition  known  as  snuffles,  in  which  the  nasal 
passages  are  obstructed  by  an  accumulation  of  thin  muco- 
purulent discharge  which  causes  the  breathing  to  be  noisy. 
It  usually  begins  within  a  month  after  birth  and  before  the 
eruptions  on  the  skin  appear.  When  long  continued  it  is 
liable  to  interfere  with  the  development  of  the  nasal  bones, 
so  that  when  the  child  grows  up  the  bridge  of  the  nose  is 

deficient,  the  condition  being  known 
as  the  "  saddle-nose "  deformity 
(Figs.  42  and  43). 

Affections  of  the  Skin. — Although 
all  tyjjes  of  skin  affection  are  met 
with  in  the  inherited  disease,  the 
most  important  is  a  j^o-pular  erup- 
tion, the  pajjules  being  of  large  size, 
with  a  smooth  shining  top  and  of 
a  reddish-brown  colour.  It  affects 
chiefly  the  buttocks  and  posterior 
aspect  of  the  thighs,  the  external 
genitals,  and  other  parts  which  are 
constantly  moist.  It  is  necessary  to 
distinguish  this  specific  eruption 
from  a  form  of  eczema  which  fre- 
quently occurs  in  these  situations 
in  non-syphilitic  children,  the  points 
that  characterise  the  syphilitic  con- 
dition being  the  infiltration  of  the 
skin  and  the  coppery  coloiir  of  the 
eruption.  At  the  angles  of  the  mouth  and  at  the  anus  the 
papules  acquire  the  characters  of  condylomata.  At  the  angles 
of  the  mouth  they  often  ulcerate  and  leave  fine  radiating  scars 
(Fig.  42). 

Affections  of  the  Mucous  Membranes. — The  inflammation  of 
the  nasal  mucous  membrane  that  causes  snuffles  has  already 
been  referred  to.  There  may  be  mucous  patches  in  the  mouth, 
or  a  general  inflammation  or  stomatitis  which  is  of  special 
importance,  because  it  frequently  results  in  interference  with 
the  development  of  the  permanent  teeth.  The  mucous 
membrane  of  the  larynx  may  be  the  seat  of  mucous  patches 
or  of  catarrh,  and  as  a  result  the  child's  cry  is  hoarse. 

Affections  of  the  Bones. — Swellings  at  the  ends  of  the  long 


Fig.  43.— Facies  of  Inherited 
Syphilis. 

(From  Dr.  Byrom  Bramwell's  Atlas 
of  Clinical  Medicine.) 
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bones,  due  to  inflammation  at  the  epiphysial  junctions,  are  most 
often  observed  at  the  upper  end  of  the  humerus  and  in  the 
bones  in  the  region  of  the  elbow.  Partial  displacement  and 
mobility  at  the  ossifying  junction  may  be  observed.  The 
infant  cries  when  the  part  is  touched ;  and  as  it  does  not  move 
the  limb  voluntarih^,  the  condition  is  spoken  of  as  the  pseudo- 
paralysis of  syphilis.  Eecovery  takes  place  under  anti- 
syphilitic  treatment  and  immobilisation  of  the  limb. 

Difluse  thickening  of  the  shafts  of  the  long  bones,  due  to  a 
deposit  of  new  bone 
by  the  periosteum, 
is  sometimes  met 
with. 

In  the  skull, 
especially  of  infants 
who  suffer  also 
from  rickets,  two 
characteristic  con- 
ditions may  be  met 
with,  respectively 
known  as  Parrot's 
nodes  or  bosses,  and 
cranio  tabes.  The 
bosses  (Fig.  44)  re- 
sult from  the  heap 
ing  up  of  new 
spongy  bone  be- 
neath the  peri- 
cranium, and  they 
may  be  grouped 
symmetrically 
around  the  anterior 
fontanelle,  or  may 
extend  along  either 
side  of  the  sagittal  suture,  which  appears  as  a  deep  groove — the 
"natiform  skull."  The  bosses  disappear  in  time,  but  the  skull 
may  remain  permanently  altered  in  shape,  the  frontal  and 
parietal  eminences  often  appearing  unduly  prominent."^-  The 
term  craniotahes  is  applied  when  the  bone  becomes  thin  and 
soft,  reverting  to  its  original  membranous  condition,  so  that  the 
affected  areas  dimple  under  the  finger  like  parchment  or 
thin  cardboard ;  its  localisation  in  the  posterior  parts  of  the 
skull  suggests  that  the  disappearance  of  the  osseous  tissue 
is  influenced  by  the  pressure  of  the  head  on  the  pillow. 


Fig.  44.- 


-Bossing  of  Skull  of  Infant  in  Inherited 
Syphilis. 
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Craniotabes  is  entirely  recovered  from  as  the  child  improves  in 

^^^Between  the  ages  of  three  and  six  months,  certain  other 
phenomena  may  be  met  with,  such  as  effusion  into  the  joints 
especially  the  knees;  iritis,  in  one  or  m  both  eyes,  and 
enlargement  of  the  spleen  and  liver. 

In^he  majority  of  cases  the  child  recovers  from  these  early 
manifestations,  especially  when  efficiently  treated,  and  may 
enioy  an  indefinite  period  of  good  health.  On  the  other  hand, 
when  it  attains  the  age  of  two  to  four  years,  it  may  begin  to 
manifest  lesions  which  correspond  to  those  of  the  tertiary 
period  of  acquired  syphilis.  In  certain  cases  the  infant  fai  s 
in  health  from  day  to  day,  its  cry  is  hoarse  and  feeble  its 
capacity  for  sucking  diminishes,  it  becomes  emaciated,  and  dies 

of  exhaustion.  ,     ,     ,  4.-  +i,„ 

Later  Lesions.— In  the  skin  and  subcutaneous  tissue,  the 
later  manifestations  may  take  the  form  of  localised  gummata, 
which  tend  to  break  down  and  form  ulcers,  on  the  leg  tor 
example,  or  of  a  spreading  gummatous  infiltration  which  is  also 
liable  to  ulcerate,  leaving  disfiguring  scars,  especially  on  the 
face     The  palate  and  fauces  may  be  destroyed  by  ulceration 
In  the  nose,  especially  when  the  ulcerative  process  is  associated 
with  a  putrid  discharge-ozsena-the  destruction  of  tissue  may 
be  considerable  and  result  in  the  most  unsightly  deformity. 
The  entire  palatal  portions  of  the  upper  jaws,  the  vomer,  tur- 
binate, and  other  bones  bounding  the  nasal  and  oral  cavities, 
may  ultimately  disappear,  so  that  on  looking  into  the  mouth 
the  base  of  the  skull  is  readily  seen.    Gummatous  disease  is 
frequently  observed  also  in  the  flat  bones  of  the  skull,  m  the 
bones  of  the  hand,  as  syphilitic  dactylitis,  and      fhe  bone, 
of  the  forearm  and  leg.    When  the  tibia  is  affected  the  disea  e 
is  frequently  bilateral,  and  may  assume  the  form  of  gummatous 
ulcers  and  sinuses.    In  later  years  the  tibia  may  present  altera- 
tions in  shape  resulting  from  antecedent  gummatous  disease— 
for  example,  nodular  thickenings  of  the  shaft,  flattening  of  the 
crest  or  a  more  uniform  increase  in  thickness  and  length  ot 
the  entire  shaft  of  the  bone,  which,  when  it  is  curved  in 
addition,  is  described  as  the  "  sabre-blade  "  deformity.  Among 
lesions  of  the  viscera,  mention  should  be  made  of  gumma  ot 
the  testis,  which  causes  the  organ  to  become  enlarged,  uneven, 
and  indurated.    This  has  even  been  observed  m  infants  a  tew 

Occasionally  a  syphilitic  child  suffers  from  «"<^7^j.°"^^^^^ 
these  gummatous  lesions  with  resulting  lU-health,  and,  it  may 
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be,  waxy  disease  of  the  internal  organs ;  on  the  other  .hand, 
it  'may  recover  and  present  no  further  manifestations  of  the 
inherited  taint. 

Afecfions  of  the  Eyes. — At  or  near  puberty  there  is  frequently 
observed  an  affection  of  the  eyes,  known  as  chronic  interstitial 
keratitis,  the  relationship  of  which  to  inherited  syphilis  was 
first  established  by  Hutchinson.  It  occurs  between  the  ages  of 
six  and  sixteen  years,  and  usually  affects  one  eye  before  the 
other.  It  commences  as  a  diffuse  haziness  or  steaminess  near 
the  centre  of  the  cornea,  and  as  it  spreads  the  entire  cornea 
assumes  the  appearance  of  ground  glass.  The  chief  complaint 
is  of  dimness  of  sight  which  may  almost  amount  to  blindness, 
but  there  is  little  pain  or  photophobia;  a  certain  amount  of 
conjunctival  and  ciliary  congestion  is  usually  present,  and  there 
may  be  iritis  in  addition.  The  cornea,  or  parts  of  it,  may  be- 
come of  a  deep  pink  or  salmon 
colour  from  the  formation  in 
it  of  new  blood-vessels.  The 
affection  may  last  for  from 
eighteen  months  to  two  years. 
Complete  recovery  usually 
take"?  nlncp  bnf  qlio-bt  nnaoitips  45.— ShowiBg  appearance  of  Per- 

caKes  place,  out  sngnt  opacilies,      ^janent  Teeth  in  case  of  Inherited 

especially  in  the  site  of  former     Syphilis— " Hutchinson's  Teeth." 
salmon  patches,  may  persist, 

and  the  disease  occasionally  relapses.  Choroiditis  and  retinitis 
may  also  occur,  and  leave  permanent  changes  easily  recognised 
on  examination  with  the  ophthalmoscope. 

Among  the  rarer  and  more  serious  lesions  of  the  inlierited 
disease  may  be  mentioned  gummatous  disease  in  the  larynx 
and  trachea,  attended  with  ulceration  and  resulting  in 
stenosis ;  and  lesions  of  the  nervous  system  which  may  result  in 
convulsions,  paralysis,  or  dementia. 

In  a  limited  number  of  cases,  about  the  period  of  puberty 
there  may  develop  deafness,  which  is  usually  bilateral  and  may 
become  absolute. 

Changes  in  the  Permanent  Teeth. — These  affect  specially  the 
upper  central  incisors,  which  are  dwarfed  and  stand  somewhat 
apart  in  the  gum,  with  their  free  edges  converging  towards  one 
another.  They  are  tapering  or  peg-shaped,  and  present  at  their 
cutting  margin  a  deep  semilunar  notch  (Fig.  45).  These 
appearances  are  commonly  associated  with  the  name  of 
Hutchinson,  who  first  described  them.  Afi"ectii)g  as  they  do 
the  permanent  teeth,  they  are  not  available  for  diagnosis  until 
the  child  is  about  eight  years  of  age.  Henry  Moon  drew 
VOL.  I. — 13 
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attention  to  a  change  in  the  first  molars  ;  these  are  reduced  in 
size  and  dome-shaped  through  dwarfing  of  the  central  tubercle 
of  each  cusp. 

Diagnosis  of  Inherited  Syphilis. — When  there  is  a  typical 
eruption  on  the  buttocks  and  snuffles  there  is  no  difficulty  in 
recognising  the  disease.  When,  however,  the  rash  is  scanty  or 
is  obscured  by  co-existing  eczema,  most  reliance  should  be  placed 
on  the  distrilDution  of  the  eruption,  on  the  brown  stains  which 
are  left  after  it  has  passed  off,  on  the  presence  of  condylomata, 
and  of  Assuring  and  scarring  at  the  angles  of  the  mouth.  The 
history  of  the  mother  relative  to  repeated  miscarriages  and 
still-born  children  may  afford  confirmatory  evidence.  In 
doubtful  cases,  the  diagnosis  may  be  aided  by  the  Wassermann 
test  and  by  noting  the  therapeutic  effects  of  grey  powder,  which, 
in  syphilitic  infants,  usually  effects  a  marked  and  rapid  im- 
provement both  in  the  symptoms  and  in  the  general  health. 

Latent  Hereditary  Syphilis  is  that  form  in  which  tertiary 
manifestations  appear  for  the  first  time  in  adolescence. 

While  a  considerable  number  of  syphilitic  children  grow  up 
without  showing  any  trace  of  their  syphilitic  inheritance,  the 
majority  retain  throughout  life  one  or  more  of  the  following 
characteristics,  which  may  therefore  be  described  as  'permanent 
signs  of  the  inherited  disease  : — Dwarfing  of  stature  from  inter- 
ference with  growth  at  the  epiphysial  junctions ;  the  forehead 
low  and  vertical,  and  the  parietal  and  frontal  eminences  unduly 
prominent ;  the  bridge  of  the  nose  sunken  and  rounded ;  radiat- 
ing scars  at  the  angles  of  the  mouth  (Fig.  42) ;  perforation  or 
destruction  of  the  hard  palate ;  Hutchinson's  teeth  ;  opacities 
of  the  cornea  from  antecedent  keratitis ;  alterations  in  the 
fundus  oculi  from  choroiditis ;  deafness ;  depressed  scars  or 
nodes  on  the  bones  from  previous  gummata ;  "  sabre-blade " 
or  other  deformity  of  the  tibite. 

The  Contagiousness  of  Inherited  Syphilis. — In  1837,  Colles 
of  Dublin  stated  his  belief  that,  while  a  syphilitic  infant  may 
convey  the  disease  to  a  healthy  wet  nurse,  it  is  incapable  of 
infecting  its  own  mother  if  nursed  by  her,  even  although  she 
may  never  have  shown  any  symptoms  of  the  disease.  This 
doctrine,  which  is  known  as  Colles'  lazv,  is  generally  accepted 
in  spite  of  the  alleged  occurrence  of  occasional  exceptions. 
The  older  the  child  the  less  risk  there  is  of  its  communi- 
cating the  disease  to  others,  until  eventually  the  tendency 
dies  out  altogether,  as  it  does  in  the  tertiary  period  of  acquired 
syphilis.  It  should  be  added,  however,  that  the  contagiousness 
of  inherited  syphilis  is  denied  by  some  observers,  who  aflSrm 
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that,  when  syphilitic  infants  prove  contagious,  the  disease  has 
been  really  acquired  at  or  soon  after  birth. 

There  is  general  agreement  that  the  subjects  of  inherited 
syphilis  cannot  transmit  the  disease  by  inheritance  to  their 
offspring,  and  that,  although  they  very  rarely  acquire  the  disease 
(le  novo,  it  is  possible  for  them  to  do  so  when  exposed  to  in- 
fection in  the  ordinary  way. 

Prognosis  of  Inherited  Syphilis. — Although  inherited  syphilis 
is  responsible  for  a  large  but  apparently  diminishing  mortality 
in  infancy,  the  subjects  of  this  disease  may  grow  up  to  be  as 
strong  and  healthy  as  their  neighbours.  Hutchinson  insists  on 
the  fact  that  there  is  very  little  bad  health  in  the  general 
community  that  can  be  attributed  to  inherited  syiDhilis. 

Treatment. — An  infant  the  subject  of  inherited  syphilis 
should,  if  possible,  be  nursed  by  its  mother,  and  failing  this 
it  should  be  fed  by  hand.  On  the  first  appearance  of  syphilitic 
manifestations  it  should  be  brought  under  the  iniiuence  of 
mercury.  This  is  best  given  as  grey  powder  in  half  or  one 
grain  doses  thrice  daily  ;  it  may  be  mixed  with  powdered  sugar, 
or,  if  digestive  derangements  arise,  may  be  combined  with 
bismuth  or  soda.  As  a  rule  the  grey  powder  is  remarkably  well 
borne  by  infants,  and  if  they  continue  to  thrive  under  it,  it 
should  be  given  for  from  three  to  six  months  after  all  symptoms 
have  disappeared.  If  the  internal  administration  of  mercury 
does  not  suit  the  infant,  it  may  be  replaced  by  inunction. 
The  dilute  oleate  of  mercury  is  rubbed  into  the  sides  of 
the  chest  and  abdomen,  or  is  applied  on  the  flannel  binder 
twice  or  thrice  weekly.  The  local  lesions  are  treated  on  the 
same  lines  as  in  the  acquired  disease.  The  general  health  should 
be  improved  in  every  possible  direction ;  considerable  benefit 
may  be  derived  from  the  'use  of  cod-liver  oil,  and  from  prepara- 
tions containing  iron  and  calcium.  The  gummatous  lesions  are 
treated  on  the  same  lines  as  in  the  acquired  disease,  but  it  should 
he  pointed  out  that  in  inherited  syphilis  they  are  frequently 
found  to  be  less  amenable  to  the  influence  of  iodides,  and 
dependence  must  largely  be  placed  on  measures  calculated  to 
improve  the  general  health.  Surgical  interference  may  be 
required  in  the  destructive  gummatous  lesions  of  the  nose, 
throat,  larynx,  and  bones,  either  with  the  object  of  arresting 
the  spread  of  the  disease,  or  of  removing  or  alleviating  the 
resulting  deformities.  In  children  suffering  from  keratitis, 
the  eyes  should  be  protected  from  the  light  by  smoked  or 
coloured  glasses,  and  the  pupils  should  be  dilated  with  atropin 
from  time  to  time,  especially  in  cases  complicated  with  iritis. 
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Salvarsan  would  appear  to  be  as  beneficial  in  the  inherited  as 
in  the  acquired  disease.    In  infants  at  the  breast,  the  salvarsan 
should  be  given  to  the  mother  ;  in  others,  it  is  adminLstered  in 
the  same  manner  as  already  described — only  in  a  smaller  dose 
from  3  to  5  centigrams. 

Acquired  Syphilis  in  Infants  and  Young  Children. — When 
syphilis  is  met  with  in  infants  and  young  children,  it  is  apt  to 
be  taken  for  granted  that  the  disease  has  been  inherited.  It  is 
possible,  however,  for  them  to  acquire  the  disease — as,  for 
example,  while  passing  through  the  maternal  passages  during 
bu'th,  through  being  nursed  or  kissed  by  infected  women,  or 
thi'ough  the  rite  of  circumcision.  The  risk  of  infection  which 
formerly  existed  by  the  arm-to-arm  method  of  vaccination  has 
been  abolished  by  the  use  of  calf  lymph. 

The  clinical  features  of  the  acquired  disease  in  infants  and 
young  children  are  very  similar  to  those  observed  in  the  adult, 
with  a  tendency,  however,  to  be  more  severe,  probably  because 
the  disease  is  often  late  in  being  recognised  and  treated. 


CHAPTER  XI 


TUMOURS  1 

Definition— Etiology— General  characters  of  innocent  and  malignant 
tumours.  Classification  of  Tumours  :  I.  Connective-tissue 
tumours  :  (1)  Innocent :  Li]}oina,  Xanthoma,  Chondroma,  Osteoma, 
Odontoma,  Fibroma,  Myxovia,  Endothelioma,  etc.  ;  (2)  Malignant: 
Sarcoma— II.  Epithelial  tumours  :  (1)  Innocent  :  Papilloma, 
Adenoma,  Cystic  Adenoma  ;  (2)  Malignant :  Epithelioma,  Glandular 
Cancer,  Rodent  Cancer,  Melanotic  Cancer— III.  Dermoids— IV. 
Teratomata.  Cysts  :  Retention,  Exudation,  Implantation,  Parasitic, 
Lymphatic  or  Serous.  Ganglion. 

A  TUMOUR  or  neoplasm  is  a  localised  swelling  composed  of 
newly  formed  tissue  which  fulfils  no  physiological  function. 
Tumours  tend  to  grow  quite  independently  of  the  growth  of 
the  body,  and  there  is  no  natural  termination  to  their  growth. 
They  are  to  be  distinguished  from  such  over-growths  as  are  of 
the  nature  of  simple  hypertrophy  or  local  giantism,  and  also 
from  inflammatory  swellings,  which  usually  develop  under  the 
influence  of  a  definite  cause,  have  a  natural  termination,  and 
tend  to  disappear  when  the  cause  ceases  to  act. 

The  etiology  of  tumours  is  imperfectly  understood.  Various 
factors,  acting  either  singly  or  in  combination,  may  be  con- 
cerned in  their  development.  Certain  tumours,  for  example, 
are  the  result  of  some  congenital  malformation  of  the  particular 
tissue  from  which  they  take  origin.  This  would  appear  to  be 
the  case  in  many  tumours  of  blood-vessels  (angiomata),  of 
cartilage  (chondromata),  of  bone  (osteomata),  and  of  secreting 
gland  tissue  (adenomata).  The  theory  that  tumours  orginate 
from  fcEtal  residues  or  "  rests,"  is  associated  with  the  name  of 
Cohnheim.  These  rests  are  supposed  to  be  undilTcrentiated 
embryonic  cells  which  remain  embedded  amongst  fully  formed 
tissue  elements,  and  lie  dormant  until  they  are  excited  into 
active  growth  and  give  rise  to  a  tumour.    This  mode  of  origin 

'  For  the  histology  of  tumours  the  reader  is  referred  to  a  text-book  of 
pathology. 
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is  illustrated  by  the  development  of  dermoids  from  sequestrated 
portions  of  the  epidermis. 

Among  the  local  factors  concerned  in  the  development  of 
tumours,  reference  must  iDe  made  to  the  influence  of  irritation. 
This  is  probably  an  important  agent  in  the  causation  of  many 
of  the  tumours  met  with  in  the  skin  and  in  mucous  membranes 
— for  example,  cancer  of  the  skin,  of  the  lip,  and  of  the  tongue. 
The  part  played  by  an  injury  is  doubtful.  It  not  infrequently 
happens  that  the  development  of  a  tumour  is  preceded  by  an 
injury  of  the  part  in  which  it  grows,  but  it  does  not  necessarily 
follow  that  the  injury  and  the  tumour  are  related  as  cause  and 
effect;  It  is  possible  that  an  injury  may  stimulate  into  active 
growth  undifferentiated  tissue  elements  or  "rests,"  and  so 
determine  the  growth  of  a  tumour,  or  that  it  may  alter  the 
characters  of  a  tumour  which  already  exists,  causing  it  to  grow 
more  rapidly. 

The  popular  belief  that  there  is  some  constitutional  peculiar- 
ity concerned  in  the  causation  of  tumours  is  largely  based  on 
the  fact  that  certain  forms  of  new  growth — for  example,  cancer 
— are  known  to  occur  with  undue  frequency  in  certain  families. 
The  same  influence  is  more  striking  in  the  case  of  certain  inno- 
cent tumours — particularly  multiple  osteomata  and  lipomata — 
which  are  hereditary  in  the  same  sense  as  supernumerary  or 
webbed  fingers,  and  which  may  appear  in  members  of  the  same 
family  through  several  generations. 

Innocent  and  Malignant  Tumours 

For  clinical  purposes,  tumours  are  arbitrarily  divided  into  two 
classes — the  innocent  and  the  malignant.  The  outstanding 
difference  between  them  is,  that  while  the  evil  effects  of  inno" 
cent  tumours  are  merely  local  and  depend  for  their  severity 
on  the  environment  of  the  growth,  malignant  tumours  wherever 
situated,  in  addition  to  producing  local  effects,  injure  the 
general  health  of  the  patient  and  ultimately  cause  his  death. 

Innocent,  benign,  or  simple  tumours  present  a  close  structural 
resemblance  to  the  normal  tissues  of  the  body.  They  grow 
slowly,  and  are  usually  definitely  circumscribed  by  a  fibrous 
capsule.  They  are  easily  enucleated  from  their  capsule,  and 
do  not  tend  to  recur  after  removal.  In  their  growth  they 
merely  push  aside  and  compress  adjacent  parts,  and  they  present 
no  tendency  to  ulcerate  and  bleed  unless  the  overlying  skin  or 
mucous  membrane  is  injured.  They  form  no  attachment  to 
adjacent  parts  except  as  a  result  of  inflammation.  Although 
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usually  solitary,  some  of  them  may  be  multiple  from  the  outset— 
for  example,  fatty,  fibrous,  and  bony  tumours,  warts,  and  fibroid 
tumours  of  the  uterus.  They  produce  no  constitutional  dis- 
turbance, ^vasting,  or  cachexia.  They  only  threaten  hfe  when 
growing  in  the  vicinity  of  vital  organs,  and  there  merely  m 
vntue  of  their  situation— for  example,  death  may  result  from 
an  innocent  tumour  in  the  air-passages  causing  suffocation,  m 
the  intestine  causing  obstruction  of  the  bowels,  or  in  the 
vertebral  canal  causing  pressure  on  the  spinal  cord. 

Malignant  tumours  usually  show  a  marked  departure  from 
the  structure  and  arrangement  of  the  normal  tissues  of  the 
body.  Although  the  cells  of  which  they  are  composed  are 
derived  from  normal  tissue  cells,  in  their  development  they 
tend  to  take  on  a  lower,  more  vegetative  form ;  they  may  be 
regarded  as  parasites  living  at  the  cost  of  the  organism,  multi- 
plying indefinitely  and  destroying  everything  with  which  they 
come  in  contact. 

Malignant  tumours  grow  more  rapidly  than  innocent  tumours, 
and  tend  to  infiltrate  their  surroundings  by  sending  out  pro- 
longations or  offshoots  into  the  surrounding  tissues ;  they  are 
therefore  liable  to  recur  after  an  operation  which  is  restricted  to 
the  removal  of  the  main  tumour.    They  are  not  encapsulated, 
although  they  may  appear  to  be  circumscribed  by  condensation 
of  the  surrounding  tissues;  they  are  rarely  multiple  at  the 
outset,  but  show  a  marked  tendency  to  spread  to  other  parts 
of  the  body.    Fragments  of  the  parent  tumour  may  become 
separated  and  be  carried  off  in  the  lymph  or  blood-stream  and 
deposited  in  other  parts  of  the  body,  where  they  give  rise  to 
secondary  growths.    Malignant  tumours  tend  to  invade  and 
destroy  the  overlying  skin  or  mucous  membrane,  and  thus  give 
rise  to  bleeding  ulcers;  if  the  tumour  tissue  j)rotrudes  through 
the  gap  in  the  skin,  it  is  said  to  /ungate.    They  give  rise 
to  a  condition  of  general  ill-health  or  cachexia,  the  patient 
becoming  pale,  sallow,  feverish,  and  emaciated,  probably  as  a 
result  of  chronic  poisoning  from  the  absorption  of  toxic  products 
from  the  tumour.    They  ultimately  destroy  life,  it  may  be  by 
their  local  effects,  such  as  ulceration  and  hEeraorrhage,  by 
favouring  the  entrance  of  septic  infection,  by  interfering  with 
the  function  of  organs  which  are  essential  to  life,  by  cachexia, 
or  by  a  combination  of  these  effects. 

The  situation  of  a  malignant  tumour  exercises  considerable 
influence  on  the  rapidity,  as  well  as  on  the  mode,  in  which  it 
causes  death.  Some  cancers,  such  as  that  known  as  "  rodent," 
show  malignant  features  which  are  entirely  local,  while  others, 
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such  as  melanotic  cancer,  exhibit  a  malignancy  characterised 
by  a  rapid  generalisation  of  tumour  growths  throughout  the 
body.  Tumours  which  are  structurally  alike  may  show  varia- 
tions in  malignancy,  not  only  according  to  their  situation,  but 
also  according  to  the  age  of  the  patient  and  to  other  factors 
which  are  as  yet  unknown. 

In  attempting  to  arrive  at  a  conclusion  as  to  the  innocence 
or  malignancy  of  any  tumour,  too  much  reliance  must  not  be 
placed  on  its  histological  features ;  its  situation,  rate  of  growth, 
and  other  clinical  features  must  also  be  taken  into  consideration! 
It  cannot  be  too  emphatically  stated  that  there  is  no  hard  and 
fast  line  between  innocent  and  malignant  growths;  there  is 
an  indefinite  transition  from  one  to  the  other.  The  possi- 
bility of  the  transformation  of  a  benign  into  a  malignaiit 
tumour  must  be  admitted.  Such-  a  transformation  implies  a 
change  in  the  structure  of  the  growth,  and  has  been  observed 
especially  in  fibrous  and  cartilaginous  tumours,  in  tumours  of 
the  thyroid  gland,  and  in  uterine  fibroids.  The  alteration  in 
character  may  take  place  under  the  influence  of  injury,  pro- 
longed or  repeated  irritation,  incomplete  removal  of  the  benign 
tumour,  or  the  altered  physiological  conditions  of  the  tissues 
which  attend  advancing  years. 

When  a  tumour  is  removed  by  operation  it  should  be  sub- 
jected to  microscopical  examination  as  a  routine  measure. 

Varieties  of  Tumours. — In  the  following  description,  tumours 
are  classified  on  an  anatomical  basis,  taking  in  order  first  the 
connective-tissue  group  and  subsequently  those  which  originate 
in  epithelium. 

Innocent  Connective-tissue  Tumours 

Lipoma. — A  lipoma  is  a  tumour  composed  of  fat  resembliug 
that  normally  j^resent  in  the  body.  The  commonest  variety  is 
the  subcutaneous  lipoma,  which  grows  from  the  subcutaneous  fat, 
and  forms  a  soft,  irregularly  lobulated  tumour  (Fig.  46).  The  fat 
is  arranged  in  lobules  separated  by  connective-tissue  septa  which 
are  continuous  with  the  capsule  surrounding  the  tumour,  and 
with  the  overlying  skin,  \vhich  becomes  dimpled  or  puckered 
when  an  attempt  is  made  to  pinch  it  up.  As  the  fat  is  almost 
fluid  at  the  body  temperature,  fluctuation  can  usually  be  de- 
tected in  the  swelling.  These  tumours  vary  greatly  in  size, 
occur  at  all  ages,  grow  very  slowly,  and,  while  generally 
solitary,  are  sometimes  multiple.  They  are  most  commonly 
met  with  on  the  shoulder,  buttock,  or  back.    In  certain  situa- 
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tions,  such  as  the  thigh  and  perineum,  they  tend  to  become 
pedunculated.  . 

A  fatty  tumour  is  to  be  diagnosed  from  a  cold  abscess  and 
from  a  cyst.  The  distinguishing  features  of  the  lipoma  are  the 
tacking  down  and  dimpling  of  the  overlying  skin,  and  the 
lobulation  of  the  tumour,  which  is  recognised  when  it  is  pressed 
upon  with  the  fiat  of  the  hand. 

The  treatment  consists  in  dividing  the  skin  and  capsule 
over  the  tumonr  and  shelling  it  out.  Care  must  be  taken  that 
none  of  the  outlying  lobules  are  detached  and  left  behind.  If 


Fig.  46. — Subcutaneous  Lipoma  showing  lobulation. 


the  overlying  skin  is  closely  adherent,  it  should  be  removed 
along  with  the  tumour. 

Multiple  subcutaneous  liijomata  are  frequently  symmetrical, 
and  in  a  certain  group  of  cases,  met  with  chiefly  in  women, 
pam  is  a  prominent  symptom,  hence  the  term  adiposis  dolorosa 
(Dercum). 

In  the  neck,  axilla,  pubic  region  and  elsewhere,  a  difiuse 
overgrowth  of  the  subcutaneous  fat  is  sometimes  met  Avith, 
forming  large  symmetrical  tumour-like  masses,  known  as  diffuse 
lipoma.  As  this  is  not,  strictly  speaking,  a  tumour,  the  term 
diffuse  lipomatosis  is  to  be  preferred.  A  similar  condition  has 
been  described  by  Sir  Jonathan  Hutchinson  as  being  met  with 
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in  some  of  the  domestic  animals.  If  causing  disfigurement 
the  swelling  may  be  removed,  but  complete  extirpation  is 
usually  impossible,  as  the  mass  is  not  encapsulated  (Fig.  47). 

Lipomata  in  other  situations. — The  periosteal  lipoma  is 
usually  of  congenital  origin,  and  is  most  often  met  with  in  the 
hand;  it  forms  a  projecting  lobulated  tumour,  which,  when 
situated  in  the  palm,  may  resemble  an  angioma  or  a  lymph- 
angioma. The  subserous  lipoma  may  arise  from  the  extra- 
peritoneal fat  in  the  posterior  abdominal  wall,  in  which  case  it 
tends  to  grow  forwards  between  the  layers  of  the  mesentery 


Fig.  47. — Diffuse  Lipomatosis  of  Neck. 

and  to  give  rise  to  a  large  abdominal  tumour  ;  or  it  may  grow 
from  the  extra-peritoneal  fat  in  the  anterior  abdominal  wall  and 
protrude  from  one  of  the  normal  openings  or  through  an 
abnormal  opening  in  the  parietes,  constituting  a  fatty  hernia. 
Suhsijnovial  lipomata  grow  from  the  fat  surrounding  the 
synovial  membrane  of  a  joint,  and  may  project  into  its  interior 
and  give  rise  to  the  symptoms  of  loose  body.  Lipomata  are 
also  met  with  growing  from  the  adipose  connective  tissue 
between  or  in  the  substance  of  imisdes,  and,  when  situated 
beneath  the  deep  fascia,  the  characteristic  signs  are  obscured 
and  a  differential  diagnosis  may  be  difficult  or  impossible.  It 
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may  be  differentiated  from  a  cold  abscess  by  puncture  with  an 
exploring  needle. 

Xanthoma. — A  xanthoma  is  composed  of  connective-tissue 
cells  containing  a  granular  yellow  pigment.    It  occurs  in  the 
skin,  especially  of  the  eyelids,  in  the  form  of  raised  yellow 
patches,  which  tend  to  increase  in  size  and  fuse  with  one' 
another.    It  is  occasionally  met  with  in  other  partg  of  the 


Fig.  48. — Chondroma  growing  from  infra-spinous  fossa  of  Scapula. 

body,  forming  a  definite  tumour,  involving  the  skin  and  the 
underlying  soft  parts ;  the  tumour  tissue  is  soft  in  consistence, 
and  on  section  presents  a  brilliant  orange  or  saffron  colour. 

Xanthoma  may  affect  several  generations  of  the  same  family. 
When  it  develops  after  puberty,  it  is  nearly  always  associated 
with  chronic  jaundice.  The  tumour-like  form  of  xanthoma 
may  become  disseminated  throughout  the  body  after  the  manner 
of  sarcoma. 
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Chondroma  (Fig.  48). — A  chondroma  is  a  tumour  mainly 
composed  of  cartilage.  Processes  of  vascular  connective  tissue 
pass  in  between  the  nodules  of  cartilage  composing  the  tumour 
from  the  fibrous  capsule  which  surrounds  it.  On  section  it  is 
usually  of  a  greyish-blue  colour  and  semi-translucent.  The 
tumour  is  firm  and  elastic  in  consistence,  but  certain  portions 
may  be  ^s  hard  as  bone  from  calcification  or  ossification,  while 
other  portions  may  be  soft  and  fluctuating  as  a  result  of 
myxomatous  degeneration  and  liquefaction.     These  tumours 


Fig.  49.— Choudroma  of  Metacarpal  Bone  of  Thumb, 
grow  slowly  and  painlessly,  and  in  the  course  of  their  growth 
may  surround  nerves  and  arteries  without  injuring  them. 
They  may  cause  a  deep  hollow  in  the  bone  from  which  they 
originate.  All  intermediate  forms  between  the  innocent 
chondroma  and  the  malimiant  chondro-sarcoma  are  met  with. 

•   n  * 

Chondromata  may  occur  in  a  multiple  form,  especially  m 
relation  to  the  phalanges  and  metacarpal  bones,  and  are 
figured  with  the  Diseases  of  Bone.  "When  growing  in  the 
interior  of  a  bone  a  chondroma  causes  a  si)indle-shaped  enlarge- 
ment of  its  shaft,  which  in  the  case  of  a  phalanx  or  metacarpal 
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bone  may  resemble  tuberculous  or  syphilitic  disease  of  the  bone 
(dactylitis).  A  chondroma  appears  as  a  clear  area  in  a  skia- 
gram; when  it  has  undergone  calcification  or  ossification,  it 
CTives  a  shadow  as  dark  or  darker  than  bone. 
°  Treatment. — In  those  projecting  from  the  surface  of  a  bone, 
both  the  tumour  and  its  capsule  should  be  removed.  If  in  the 
interior,  a  sufficient  amount  of  the  cortex  should  be  removed  to 
allow  of  the  tumour  being  scraped  out,  and  care  must  be  taken 
that  no  nodules  of  cartilage  are  left  behind.  In  multiple 
chondromata  of  the  hand,  when  the  fingers  are  crippled  and 
useless,  the  question  of  amputation  may  have  to  be  considered. 
When  a  cartilaginous  tumour  takes  on  active  growth,  it  must 
be  treated  as  malignant. 

The  chondromata  that  are  met  with  at  the  ends  of  the  long 
bones  in  children  and  young  adults  form  a  group  by  themselves. 
They  are  usually  related  to  the  epiphysial  cartilage,  and  it  was 
suggested  by  Virchow  that  they  take  origin  from  unaltered 
islands  of  cartilage  in  the  interior  of  the  bone  which  have  not 
been  used  up  in  the  process  of  ossification.  They  are  believed 
to  occur  most  frequently  in  those  who  have  suffered  from 
rickets  in  early  life.  They  tend  to  undergo  ossification 
concurrently  with  the  epiphysial  cartilage  from  which  they 
take  origin,  and  constitute  what  are  known  as  cartilaginous 
exostoses.  These  are  sometimes  met  with  in  a  multiple  form, 
and  may  occur  in  several  generations  of  the  same  family. 

Cartilaginous  tumours  in  the  parotid,  submaxillary  gland, 
or  testicle  are  usually  chondro-sarcomata. 

Osteoma — An  osteoma  is  a  tumour  composed  of  bony  tissue, 
and  originating  from  the  skeleton.  Two  varieties  are  recog- 
nised— ^the  spongy  or  cancellous,  and  the  ivory  or  compact. 
The  common  spongy  or  cancellous  osteoma  is  really  an  ossified 
chondroma,  and  is  met  with  chiefly  at  the  ends  of  the  long 
bones  of  the  limbs  (Fig.  50).  From  the  fact  that  it  projects 
from  the  surface  of  the  bone  it  is  often  spoken  of  as  an  exostosis. 
It  grows  very  slowly,  and  rarely  causes  any  discomfort  unless 
it  presses  upon  a  nerve-trunk  or  upon  an  inflamed  bursa  which 
has  developed  over  it.  The  Rontgen  rays  show  a  dark 
shadow  corresponding  to  the  ossified  portion  of  the  tumour,  and 
continuous  with  that  of  the  bone  from  which  it  is  growing. 
Operative  interference  is  only  indicated  when  the  tumour  is 
giving  rise  to  inconvenience.  It  is  then  removed,  its  base  or 
neck  being  divided  by  means  of  the  chisel. 

The  bony  outgrowth  from  the  terminal  phalanx  of  the  great 
toe — known  as  the   subungual   exostosis, — is   described  and 


206 


TUMOURS 


figured  on  jd. 
occur  on  the 
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spurs  sometimes 
calcis,  and,  projecting 
downwards  and  forwards  from  the  greater  process,  may  cause 
pain  on  putting  the  heel  to  the  ground. 

The  ivory  or  compact  osteoma  is  composed  of  dense,  compact 
bone,  and  usually  grows  from  the  skull.  It  is  generally  sessile 
and  solitary,  and  may  grow  into  the  interior  of  the  skull,  into 
the  frontal  sinus,  into  the  cavity  of  the  orbit  or  nose,  or  may 
fill  up  the  external  auditory  meatus. 

Bony  formations  some- 
times occur  in  muscles  and 
tendons,  especially  at  then- 
points  of  attachment  to  the 
skeleton,  and  are  described 
with  the  diseases  of  muscles. 

Odontoma. — An  odontoma 
is  a  tumour  composed  of 
dental  tissues  in  varying  pro- 
portions and  different  degrees 
of  development,  arising  from 
tooth-germs  or  from  teeth 
still  in  process  of  growth 
(Bland  Sutton).  Odontomata 
resemble  teeth  in  so  far  that 
during  their  development 
they  remain  hidden  below 
the  mucous  membrane  and 
give  no  evidence  of  their 
existence.  There  then  suc- 
ceeds, usually  between  the 
twentieth  and  twenty-fifth 
years,  an  eruptive  stage, 
which  is  often  attended  with  suppuration,  and  this  may  be 
the  means  of  drawing  attention  to  the  tumour.  Following 
Bland  Sutton,  we  may  distinguish  several  varieties  of  odon- 
toma according  to  the  part  of  the  tooth-germ  concerned  in  their 
formation. 

Epithelial  odontomata  are  derived  from  persistent  portions 
of  the  epithelium  of  the  enamel  organ,  and  constitute  multi- 
locular  cystic  tumours  which  arc  chiefly  met  with  in  the 
lower  jaw.  The  cystic  spaces  of  the  tumour  contain  a 
brownish  glairy  fluid.  These  tumours  have  been  described 
by  Eve  under  the  name  of  multilocular  cystic  epithelial 
tumours  of  the  jaw. 


Fig.  50. — Cancellous  Osteoma  of  lower 
end.  of  Femur. 
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The  follicular  odontoma,  formerly  known  as  a  dentigerous 
cijst,  is  derived  from  the  distension  of  a  tooth  follicle.  It 
constitutes  a  cyst  which  contains  a  viscid  fluid,  and  an 
imperfectly  formed  tooth  is  often  found  embedded  in  its  wall. 
The  cyst  usually  forms  in  relation  to  one  of  the  permanent 
molars,  and  may  attain  considerable  dimensions. 

The  fibrous  odontor)ia  is  the  result  of  an  overgrowth  of 
fibrous  tissue  surrounding  the  tooth  sac,  which  encapsulates 
the  tooth  and  prevents  its  eruption.  The  thickened  tooth 
sac  is  usually  mistaken  for  a  fibrous  tumour,  until  the  tooth 
is  recognised  in  its  interior  after  removal. 

Composite  Odontomata.  —  This  is  a  convenient  term  to 
apply  to  certain  hard  dental  tumours  which  are  met  with  in 
the  jaws,  and  consist  of  enamel,  dentine,  and  cement.  They 
are  to  be  regarded  as  being  derived  from  an  abnormal  growth 
of  all  the  elements  of  a  tooth  germ,  or  of  two  or  more  tooth 
germs,  indiscriminately  fused  with  one  another.  They  may 
appear  in  childhood,  and  form  smooth  unyielding  tumours, 
often  of  considerable  size,  replacing  the  corresponding  per- 
manent teeth.  Many  examples  of  this  variety  of  odontoma, 
growing  in  the  nasal  cavity  or  in  the  antrum,  have  been 
erroneously  regarded  as  osteomata  even  after  removal.  They 
may  cause  a  purulent  discharge,  and  in  some  cases  have  been 
spontaneously  extruded  after  sloughing  of  the  overlying  soft 
parts. 

On  section,  the  tumour  is  usually  laminated,  and  is  seen  to 
consist  mainly  of  dentine  with  a  partial  covering  of  enamel 
and  cement. 

Diagnosis. — Odontomata  are  often  only  diagnosed  after 
removal.  When  attended  with  suppuration,  the  condition 
has  been  mistaken  for  disease  of  the  jaw.  Fibrous  odonto- 
mata have  been  mistaken  for  sarcomata,  and  portions  of  the 
maxilla  removed  unnecessarily.  Any  circumscribed  tumour 
of  the  jaw,  particularly  when  met  with  in  a  young  adult, 
should  suggest  the  possibility  of  an  odontoma. 

Treatment. — The  solid  varieties  of  odontoma  can  usually 
be  shelled  out  after  dividing  the  overlying  soft  parts.  In 
the  follicular  variety,  it  is  usually  sufficient  to  excise  a 
portion  of  the  wall,  scrape  out  the  interior;  and  remove  any 
tooth  that  may  be  present.  The  cavity  is  then  packed  with 
gauze,  and  allowed  to  heal  from  the  bottom. 

Fibroma. — A  fibroma  is  a  tumour  composed  of  fibrous 
connective  tissue.  A  distinction  may  be  made  between  the 
soft  fibroma,  which  is  comparatively  rich  in  cells  and  blood- 
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vessels,  and  in  which  the  fibres  are  arranged  loosely;  and 
the  hard  fibroma,  which  is  almost  entirely  composed  of 
closely  packed  bundles  of  fibres  often  arranged  in  a  con- 
centric fashion  around  the  blood-vessels.  The  cut  surface 
of  the  soft  fibroma  presents  a  pinkish-white,  fleshy  appear- 
ance resembling  the  slowly  growing  forms  of  sarcoma  ;  that 
of  a  hard  fibroma  jiresents  a  dry,  glistening  appearance,  aptly 
compared  to  watered  silk.  The  soft  variety  grows  much 
more  rapidly  than  the  hard.  In  certain  fibromata — in  those, 
for  example,  which  grow  from  the  periosteum  of  the  base  of 
the  skull  and  project  into  the  naso-pharynx — the  blood-vessels 
are  dilated  into  sinuses  and  have  no  proper  sheaths ;  they 
therefore  tend  to  remain  open  when  divided,  and  to  bleed 
excessively.  Transition  forms  between  soft  fibromata  and 
sarcomata  are  met  with,  so  that  in  operating  for  their  removal 
it  is  safer  to  take  away  the  capsule  along  with  the  tumour, 
and  the  patient  should  be  kept  under  observation  in  view  of 
the  risk  of  recurrence. 

The  skin — especially  the  skin  of  the  buttock — is  one  of 
the  favourite  seats  of  fibromata,  and  they  may  occur  in  a 
multiple  form.  They  are  met  with  also  in  the  subcutaneous 
and  intermuscular  cellular  tissue,  and  in  the  abdominal  wall, 
where  they  sometimes  attain  considerable  dimensions.  The 
fibrous  overgrowths  in  the  skin,  known  as  keloid  and  molluscum 
fibrosum,  and  those  met  with  in  the  sheaths  of  nerves,  are 
described  elsewhere.  Fibroid  tumours  of  the  uterus  are 
described  with  myomata. 

Diffuse  fibroma  or  Fibromatosis,  analogous  to  lipomatosis,  is 
met  with  in  the  connective  tissue  of  the  skin  and  sheaths  of 
nerves,  and  constitutes  one  form  of  neuro-fibromatosis ;  a  similar 
change  is  also  met  with  in  the  stomach  and  intestines. 

Myxoma. — A  myxoma  is  composed  of  tissue  similar  to  that 
found  in  the  umbilical  cord.  The  tumour  is  characterised  by 
its  soft,  gelatinous,  semifluid  consistence.  The  pure  myxoma 
is  extremely  rare,  and  occurring,  as  it  does,  chiefly  in  the 
subcutaneous  and  intermuscular  connective  tissue,  it  resembles 
clinically  the  lipoma.  Myxomatous  tissue  is,  however,  fre- 
quently found  in  other  .  connective-tissue  tumours  as  a  result 
of  myxomatous  degeneration.  This  is  specially  observed  in 
cartilaginous  tumours  and  in  sarcomata.  Myxomatous  tissue 
is  usually  a  prominent  constituent  of  the  "innocent  parotid 
tumour."  Mucous  polypi  of  the  nose,  which  are  often  described 
as  myxomata,  are  merely  pendulous  processes  of  oedematous 
mucous  membrane. 
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Myeloma. — A  myeloma  is  a  tumour  composed  of  large 
multinuclear  giant  cells  surrounded  by  round  and  spindle 
cells.  The  cut  surface  of  the  tumour  usually  presents  a  deep 
red  or  maroon  colour.  While  occasionally  met  with  in 
tendon  sheaths  and  burste,  the  myeloma  occurs  most  frequently 
in  the  cancellous  tissue  at  the  ends  of  the  long  bones,  its 
favourite  site  being  the  upper  end  of  the  tibia.  Although 
formerly  classified  with  the  sarcomata,  it  is  the  exception  for  a 
myeloma  to  present  malignant  features,  and  it  can  usually  be 
extirpated  by  local  measures  without  fear  of  recurrence.  The 


Fig.  51. — Fibro-myonia  of  Uterus. 
(Anatomical  Museum,  University  of  Edinburgh.) 

method  of  removal  varies  with  its  situation,  and  is  considered 
with  diseases  of  bone.  Sometimes  the  myeloma  is  met  with  in 
multiple  form  in  the  skeleton  in  association  with  an  unusual 
form  of  protein  in  the  urine  (Bence  Jones). 

Myoma. —A  myoma  is  a  tumour  composed  of  non-striped 
muscle  fibres.  Pure  myomata  are  very  rare.  They  are  met 
with  in  organs  possessed  of  non-striped  muscle,  such  as  the 
stomach,  intestine,  urinary  bladder,  and  prostate;  in  the 
uterus,  which  is  the  most  common  situation  for  these  tumours, 
as  they  contain  a  considerable  admixture  of  fibrous  tissue,  they 
are  known  as  fibroids  or  fihro-myomata.  They  present  on 
section  a  fasciculated  appearance,  which  may  resemble  that  of 
VOL.  I. — 14 
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a  section  of  balls  of  cotton  (Fig.  51).  They  are  encapsulated 
and  vascular  tumours,  and  they  frequently  attain  a  large  size. 
They  may  be  single  or  multiple.  While  they  may  occasion 
neither  inconvenience  nor  suffering,  they  frequently  give  rise 
to  profuse  hsemorrhage  from  the  uterus,  and  may  cause  serious 
symptoms  by  pressing  injuriously  on  the  ureters  or  the  intestine, 
or  by  complicating  pregnancy  and  parturition. 

The  Rhabdomyoma  is  an  extremely  rare  form  of  tumour, 
met  with  in  the  kidney,  uterus,  and  testicle.  It  contains 
striped  muscle  fibres,  and  is  supposed  to  originate  from  a 
residue  of  muscular  tissue  which  has  become  sequestrated 
during  development. 

Glioma. — A  glioma  is  a  tumour  composed  of  neuroglia. 
It  is  met  with  exclusively  in  the  central  nervous  system, 
retina,  and  optic  nerve.  It  is  a  slowly  growing,  soft,  ill- 
defined  tumour,  which  displaces  the  adjacent  nerve  centres 
and  nerve  tracts,  and  is  liable  to  become  the  seat  of  hsemorrhage 
and  thus  to  give  rise  to  pressure  symptoms  resembling  apoplexy. 
The  glioma  of  the  retina  tends  to  grow  into  the  vitreous 
humour  and  to  perforate  the  globe.  It  is  usually  of  the  nature 
of  a  glio-sarcoma  and  is  highly  malignant. 

Endotheliomata   constitute   a   multiform   group   of  new 
growths,  which  take  origin  from  the  endothelium  of  lymphatic 
vessels  and  spaces  of  blood-vessels,  serous  cavities,  burs^,  and  of 
the  synovial  membrane  of  joints  and  tendon  sheaths.  They 
show  great  variation  in  type,  partly  because  of  the  number  of 
different  kinds  of  endothelium  from  which  they  are  derived 
and  partly  because  the  new  connective  tissue  which  is  formed 
is  liable  to  undergo  transformation  into  hyaline,  cartilaginous, 
or  myxomatous  tissue.    They  may  be  soft  or  hard,  solid  or 
cystic,  diffuse  or  circumscribed;  they  grow  very  slowly,  and 
are  almost  always  innocent,  although  recurrence  has  been 
occasionally  observed.  The  best-known  example  of  endothelioma 
is  the  "  mixed  tumour  "  met  with  in  the  salivary  glands  and 

palate.  377 

Angioma,  lijmplmngioma,  neuroma,  and  lymplionui  are 
described  with  the  disease  of  the  individual  tissues. 

Malignant  Connective-tissue  Tumours — Sarcomata 

The  term  sarcoma  is  applied  to  any  connective-tissue  tumour 
which  exhibits  malignant  characters.  The  essential  structural 
feature  is  the  predominance  of  the  cellular  elements  over  the 
intercellular  substance  or  stroma,  in  which  respect  a  sarcoma 
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resembles  the  connective  tissue  of  the  embryo.  The  typical 
sarcoma  consists  chiefly  of  immature  or  embryonic  connective 
tissue.  While  these  tumours  may  grow  from  any  of  the 
connective  tissues  of  the  body,  they  most  frequently  originate 
from  fascia,  intermuscular  connective  tissue,  periosteum,  bone- 
marrow,  and  skin.  They  form  rounded  or  nodulated  tumours 
which  appear  to  be  encapsulated,  but  the  capsule  merely 
consists  of  the  condensed  surrounding  tissues,  and  usually 
contains  sarcomatous  elements.  The  consistence  of  the 
tumour  depends  on  the  nature  and  amount  of  the  stroma, 
and  on  the  presence  of  degenerative  changes.  The  softer 
medullary  forms  are  composed  almost  exclusively  of  cells ; 
while  the  harder  forms — such  as  the  fibro-,  chondro-,  and 
osteo-sarcoma — are  provided  with  an  abundant  stroma  and  are 
relatively  poor  in  cells.  Degenerative  changes  may  produce 
areas  of  softening  or  liquefaction  which  result  in  the  formation 
of  cystic  cavities  in  the  interior  of  the  tumour.  The  colour 
depends  on  the  amount  of  blood  in  the  tumour,  and  on  the 
presence  of  degeneration. 

The  blood-vessels  constitute  a  prominent  feature  in  sarco- 
mata, and  although  sometimes  possessed  of  a  definite  wall, 
they  are  usually  rej^resented  by  mere  chinks  or  spaces  between 
the  cells.  This  peculiarity  accounts  for  the  facility  with 
which  hfemorrhage  takes  place  into  the  substance  of  the 
tumour,  the  persistence  of  the  bleeding  when  the  tumour  is 
incised  or  ulcerates  through  the  skin,  and  the  readiness  with 
which  the  sarcomatous  cells  may  be  carried  off  into  the 
circulating  blood  and  infect  distant  parts  through  the  blood- 
stream. Sarcomata  are  devoid  of  lymphatics,  and  unless 
originating  in  lymphatic  structures — for  example,  in  the  tonsil 
— they  rarely  infect  the  lymphatic  glands.  Minute  portions 
of  the  tumour  grow  into  the  small  veins,  and,  becoming 
detached,  are  transported  by  the  blood-current  to  distant 
organs,  where  they  are  arrested  in  the  capillaries  and 
give  rise  to  independent  secondary  growths.  These  are  most 
frequently  situated  in  the  lungs,  except  when  the  primary 
growtli  lies  within  the  territory  of  the  portal  circulation,  in 
which  case  they  occur  in  the  liver.  The  secondary  growths 
closely  resemble  the  parent  tumour.  Sarcoma  may  invade  an 
adjacent  vein  on  such  a  scale  that  if  the  invading  portion 
becomes  detached  it  may  constitute  a  dangerous  embolus. 
This  may  be  observed  in  sarcoma  of  the  kidney,  the  growth 
taking  place  along  the  renal  vein  until  it  projects  into  the 
vena  cava. 
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In  their  growth,  sarcomata  compress  and  destroy  neighbour- 
ing parts,  surround  vessels  'and  nerves,  and  may  lead  to 
destruction  of  the  skin,  either  by  invading  it,  or  more  com- 
monly by  causing  sloughing  from  pressure.  Inflammatory  and 
suppurative  changes  may  take  place  as  a  result  of  pyogenic 
infection.  Once  the  skin  is  broken  the  tumour  fungates 
through  the  opening.  Sarcomata  vary  greatly  in  malignancy, 
especially  as  regards  rapidity  of  growth  and  capacity  for 
dissemination.     Certain  of  them,  such  as  the  so-called  "re- 


FiG.  5'2. — Fungating  Sarcoma  of  Arm. 

current  fibroid  of  Paget,"  grow  comparatively  slowly,  and  are 
only  malignant  in  the  sense  that  they  tend  to  recur  locally 
after  removal ;  others— especially  the  more  cellular  tumours- 
grow  with  extreme  rapidity,  and  are  early  disseminated 
throughout  the  body,  resembling  in  these  respects  the  most 
malignant  forms  of  cancer.  They  are  usually  solitary  in  the 
first  instance,  although  it  is  stated  that  primary  multiple 
growths  are  occasionally  met  with  in  the  skin  and  in  the 

bones.  . 

Many  varieties  of  sarcoma  are  recognised,  accorduig  to  the 
structural  peculiarities  of  the  growth.    Thus,  according  to  the 


SARCOMATA 


213 


size  and  character  of  the  cells,  Aye  have  the  small  round-celled 
and  the  large  round-celled  sarcomata,  the  small  and  large 
qnndle-celled  sarcomata,  the  giant-celled  and  the  mixed-celled 
sarcomata.  The  Igmplw-sarcoma  presents  a  structure  similar 
to  that  of  lymph-foUicular  tissue,  and  the  alveolar  sarcoma,  an 
arrangement  of  cells  in  alveoli  resembling  that  seen  in  cancers. 
"\Yhen  there  is  a  considerable  amount  of  intercellular  fibrous 
tissue,  the  tumour  is  called  a  fibrosarcoma. 

The  term  lymx)liangio-sarcoma  is  applied  when  the  cells  of 
the  tumour  are  derived  from  the  endothelium  of  lymphatic 
spaces  and  vessels.  The  angio-sarcomata  are  those  in  vphich 
blood-vessels  form  a  prominent  element  in  the  structure  of  the 
tumour.  They  are  sometimes  derived  from  innocent  angio- 
mata,  and  they  may  be  so  vascular  as  to  pulsate  and  on 
auscultation  yield  a  blowing  murmur  like  an  aneurysm.  The 
glio-sarcoma,  myxosarcoma,  clwndrosarcoma,  and  myosarcoma, 
are  mixed  forms  which  usually  develop  in  already  existing 
innocent  tumours.  The  osteosarcoma  is  characterised  by  the 
formation  in  the'  tumour  of  true  bone,  the  medullary  spaces 
being  occupied  by  sarcomatous  cells  in  place  of  marrow.  The 
osteoid  sarcoma  is  characterised  by  the  formation  of  a  tissue 
resembling  bone  but  deficient  in  lime  salts,  and  the  petrifying 
sarcoma  by  the  formation  of  calcified  areas  in  the  stroma. 
These  varieties,  although  met  with  chiefly  in  the  skeleton,  may 
occur  in  the  soft  tissues  such  as  muscle,  and  in  such  organs  as 
the  mamma.  The  pigmented  varieties  include  the  cliloroma, 
which  is  of  a  light-green  colour,  and  the  melanotic  sarcoma, 
which  is  brown  or  black.  The  psammo7na  is  a  sarcoma  con- 
taining a  material  resembling  sand,  and  it  is  chiefly  met  with 
in  the  membranes  of  the  brain. 

Diagnosis  of  Sarcoma. — Sarcomata  are  to  be  differentiated 
from  inflammatory  swellings  such  as  result  from  tubercle  and 
syphilis,  from  innocent  tumours,  and  from  cancers.  The  points 
on  which  the  diagnosis  is  founded  are  discussed  with  the 
different  tissues  and  organs. 

Treatment. — The  removal  of  the  tumour  by  operation  is  the 
traditional  method  of  treatment ;  in  order  to  be  successful  it 
must  be  undertaken  before  dissemination  has  taken  place,  and 
a  considerable  area  of  healthy  tissue  beyond  the  apparent 
margin  of  the  growth  must  be  removed.  In  tumours  which 
a])proach  the  surface  of  the  body,  the  overlying  skin  should 
also  be  sacrificed. 

When  the  conditions  are  such  as  to  render  comi)lete  eradica- 
tion of  the  disease  by  operation  unlikely,  it  has  been  recom- 
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mended  to  perform  a  subcapsular  enucleation  of  the  tumour, 
and  to  follow  this  by  the  persistent  use  of  the  X-rays.  The 
capsule  of  the  tumour  is  incised,  and  the  tumour  tissue  rapidly 
scooped  out  with  the  fingers.  The  capsule,  after  being  wiped 
out  with  dry  gauze,  is  painted  with  the  following  solution — 
pyoktanin  five  parts,  phenol  one  part,  alcohol  twenty  parts, 
water  to  make  a  hundred  parts.  The  cavity  must  usually  be 
packed  with  sterile  gauze  to  arrest  the  hsemorrhage.  The 
X-rays  are  then  applied  daily  for  months,  and,  even  after 
apparent  cure,  exposures  should  be  made  once  every  two  to 
eight  weeks  for  several  years.  As  a  general  rule  the  anode 
should  be  placed  about  30  cms.  from  the  skin,  and  the 
time  of  exposure  should  average  from  twenty  to  fifty  minutes. 
The  application  is  divided  between  different  areas,  so  that  the 
rays  may  penetrate  the  diseased  part  from  every  possible 
direction.  We  have  had  no  experience  of  this  method  of  treat- 
ment. 

In  cases  which  do  not  lend  themselves  to  any  form  of 
operative  interference — inoperable  sarcoma — the  X-rays  alone 
may  be  employed,  or  recourse  may  be  had  to  the  injection  of 
the  mixed  toxins  of  the  streptococcus  of  erysipelas  and  the 
bacillus  prodigiosus  (Coley).  This  method  of  treatment  was 
suggested  by  the  fact  that  an  intercurrent  attack  of  erysipelas 
had  occasionally  been  observed  to  result  in  the  disappearance 
of  a  sarcoma.  The  material  for  injection,  known  as  Coley's 
fluid,  is  prepared  as  follows:  The  two  organisms  are  grown 
separately ;  the  culture  of  the  bacillus  prodigiosus  is  reduced 
to  a  dry  powder,  and  added  in  definite  proportion  to  the 
streptococcus  broth  so  that  the  strength  and  dosage  may  be 
estimated  with  a  fair  approach  to  accuracy.  It  is  important 
to  begin  with  a  small  dose— a  quarter  of  a  minim,  diluted  with 
a  little  boiled  water.  If  the  tumour  is  highly  vascular,  it  is 
better  to  make  the  first  injection  at  some  distance  from  it, 
until  the  susceptibility  of  the  patient  has  been  ascertained. 
After  a  few  dozes  it  is  safe  in  most  cases  to  inject  into  the 
tumour  itself.  The  dose  is  increased  by  a  quarter  of  a  minmi 
when  given  into  the  tumour,  by  half  a  minim  when  injected 
remote  from  it,  until  the  desired  reaction  ensues;  the  best 
results  being  obtained  by  doses  sufficiently  large  to  produce  a 
severe  reaction,  with  a  temperature  of  from  102°  to  105  F. 
The  frequency  of  the  injections  depends  upon  the  strength  of 
the  patient,  some  being  able  to  bear  daily  injections,  others  can 
stand  only  three  or  four  injections  a  week.  _ 
In  successful  cases  the  efi'ect  is  usually  noticeable  within 
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two  or  three  days,  the  tumour  becoming  smaller,  more  movable, 
and  less  'vascular.  Coley  maintains  that  when  the  tumour 
disappears  from  the  use  of  the  toxins,  the  permanence  of  the 
cure  appears  to  be  greater  than  after  any  other  form  of 
treatment.  Unfortunately,  the  rigors,  the  headache,  the  fever, 
the  sweats,  and  the  general  exhaustion  which  follow  the 
injections  are  not  infrequently  unbearable,  and  further  treat- 
ment is  declined  by  the  patient. 

Coley  also  employs  the  toxins  after  operations  for  sarcoma  as 
a  prophylactic  against  recurrence ;  when  thus  used,  the  large 
doses  required  in  inoperable  cases  are  unnecessary.  Injections 
sufficient  to  cause  a  reaction  of,  say  99°  to  100°  F.,  repeated 
three  or  four  times  a  week,  are  sufficient,  and  the  patient  need 
not  be  confined  to  bed.  Coley's  plan  is  to  give  two  or  three 
periods  of  treatment,  each  from  four  to  six  weeks  in  duration. 
We  have  seen  no  benefit  from  Coley's  fluid. 


EpiTHELiAii  Tumours 

An  excessive  and  erratic  growth  of  epithelium  is  the  essential 
and  distinguishing  feature  of  the  tumours  in  this  class.  The 
innocent  forms  are  the  papilloma  and  the  adenoma ;  the 
malignant,  the  carcinomata  or  cancers. 

Papilloma. — Papillomata  are  tumours  which  project  from  a 
cutaneous  or  mucous  surface,  and  consist  of  a  central  axis  of 
vascular  fibrous  tissue  with  a  covering  of  epithelium  which 
resembles  that  of  the  surface  from  which  the  tumour  grows. 
In  the  papillomata  of  the  skin — commonly  known  as  warts — 
the  covering  consists  of  epidermis ;  in  those  growing  from 
mucous  surfaces  it  consists  of  the  epithelium  covering  the 
mucous  membrane.  When  the  surface  epithelium  projects  as 
filiform  processes,  the  tumour  is  called  a  villous  impilloma,  the 
best-known  example  of  which  is  met  with  in  the  urinary 
bladder.  Papillomatous  growths  are  also  met  with  in  the 
larynx,  in  the  ducts  of  the  breast,  and  in  the  interior  of  certain 
cystic  tumours  of  the  breast  and  of  the  ovary.  Although 
papillomata  are  primarily  innocent,  they  may  ultimately  become 
the  starting-point  of  cancer.  The  clinical  features  and  treat- 
ment of  the  various  forms  of  papilloma  are  considered  with  the 
individual  tissues  and  organs. 

Adenoma. — An  adenoma  is  a  tumour  constructed  on  the 
type  of,  and  growing  in  connection  with,  a  secreting  gland. 
In  the  substance  of  such  glands  as  the  mamma,  parotid,  thyroid, 
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and  prostate,  adenomata  are  met  with  as  encapsulated  tumours. 
When  they  originate  from  the  glands  of  the  skin  or  of  a 
mucous  membrane,  they  tend  to  project  from  the  surface,  and 
form  pedunculated  tumours  or  polypi. 

Adenomata  may  be  single  or  multiple,  and  they  vary  in  size 
from  a  pea  to  an  adult  human  head.  The  tumour  is  seldom 
composed  entirely  of  gland  tissue ;  it  usually  contains  a  con- 
siderable proportion  of  fibrous  tissue,  and  is  then  called  a  fibro- 
adenoma. When  it  contains  myxomatous  tissue  it  is  called  a 
mijxo-adenoma,  and  when  the  gland  spaces  of  the  tumour 
become  distended  with  accumulated  secretion,  a  cystic  adenoma, 
the  best  examples  of  Avhich  are  met  with  in  the  mamma  .and 
ovary.  A  characteristic  feature  of  the  cystic  variety  is  the 
tendency  the  tumour  tissue  exhibits  to  project  into  the  interior 
of  the  cysts,  constituting  what  are  known  as  intracystic  groiotlis. 
They  are  essentially  innocent,  and,  when  removed  by  operation, 
show  no  tendency  to  recur.  At  the  same  time,  transition 
forms  between  adenoma  and  carcinoma  are  not  uncommonly  met 
with,  especially  in  the  breast  and  intestine,  and  these  should 
be  treated  on  the  same  lines  as  cancer. 

Caroinomata  or  Cancers 

A  cancer  is  a  malignant  tumour  which  originates  in  epithelium. 
The  cells  which  form  the  essential  constituent  of  a  cancer  are 
derived  by  proliferation  from  already  existing  epithelium,  and 
they  invade  the  sub-epithelial  connective  tissue  in  the  form  of 
simple  or  branching  columns.  These  columns  are  enclosed  in 
spaces — termed  alveoli — -which  are  probably  dilated  lymphatic 
spaces,  and  which  communicate  freely  with  the  lymphatic  vessels. 
The  cells  composing  the  columns  and  filling  the  alveoli  vary 
with  the  character  of  the  e23ithelium  in  which  the  cancer  origin- 
ates. The  malignancy  of  cancer  depends  on  this  capacity  which 
the  epithelium  has  of  invading  the  tissues  in  its  neighbourhood, 
and  on  the  capacity  of  the  cells,  when  transported, elsewhere  by 
the  lymph  or  blood-stream,  of  giving  rise  to  secondary  growths. 

Cancer  may  arise  on  any  surface  covered  by  epithelium  or 
in  any  of  the  secreting  glands  of  the  body,  but  it  is  much  more 
common  in  some  situations  than  in  others.  It  is  very  fre- 
quently met  with,  for  example,  in  the  skin,  in  certain  portions 
of  the  alimentary  canal,  in  the  breast,  the  uterus,  and  the 
external  genitals ;  less  frequently  in  the  gall-bladder,  larynx, 
thyroid,  prostate,  kidney,  and  urinary  bladder. 

Tissues  appear  to  be  most  liable  to  cancer  when,  having 
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attained  maturity,  they  enter  upon  the  phase  of  decadence  or 
involution,  and  this  phase  is  reached  by  different  tissues  at 
different  periods  in  the  life  of  the  organism.  It  is  not  so 
much,  therefore,  the  age  of  the  person  in  whom  it  occurs,  as 
the  age  of  the  tissue  in  which  it  arises,  that  determines  the 
maxiinum  incidence  of  cancer.  Cancers  of  the  stomach  appear 
and  attain  a  maximum  frequency  earlier  than  cancers  of  the 
skin  ;  cancers  of  the  uterus  and  mamma  are  more  frequent 
towards  the  decline  of  reproductive  activity  than  in  the  later 
years  of  life.  Eectal  cancer  is  not  infrequently  met  with 
during  the  second  and  third  decades. 

A.  cancer  may  appear  as  a  papillary  growth  from  a  mucous  or 
a  skin  surface,  as  an  imperfectly  circumscribed  nodule  in  the 
substance  of  an  organ,  or  as  a  diffuse  thickening  of  a  tubular 
organ  such  as  the  intestine  or  stomach.  The  absence  of 
definition  in  caucerous  tumours  explains  the  difficulty  in  com- 
pletely removing  them  by  surgical  measures,  and  has  led  to  the 
practice  of  complete  extirpation  of  cancerous  organs  wherever 
this  is  possible.  The  boundaries  of  the  affected  organ  are, 
moreover,  frequently  transgressed  by  the  disease,  and  the 
epithelial  infiltration  implicates  the  surrounding  parts.  In 
cancer  of  the  breast,  for  example,  the  disease  often  extends  to 
the  adjacent  skin,  fat,  and  muscle ;  in  cancer  of  the  lip  or 
tongue,  to  the  lower  jaw  ;  in  cancer  of  the  uterus  or  intestine, 
to  the  investing  peritoneum.  In  addition  to  its  tendency  to 
infiltrate  adjacent  tissues  and  organs,  cancer  is  also  liable  to 
give  rise  to  secondary  growths.  These  are  most  often  met 
with  in  the  nearest  lymphatic  glands  :  those  in  the  neck,  for 
example,  becoming  infected  from  cancer  of  the  lip,  tongue,  or 
throat ;  those  in  the  axilla,  from  cancer  in  the  breast ;  those 
along  the  curvatures  of  the  stomach,  from  cancer  of  the 
pylorus  ;  and  those  in  the  groin,  from  cancer  of  the  external 
genitals.  In  lymphatic  vessels  the  cancer  cells  may  merely 
accumulate  so  as  to  fill  the  lumen  and  form  indurated  cords, 
or  they  may  proliferate  and  give  rise  to  secondary  nodules 
along  the  course  of  the  vessels.  When  the  lymphatic  network 
in  the  skin  is  diffusely  infected,  the  appearance  is  either  that 
of  a  multitude  of  secondary  nodules  or  of  a  diffuse  thickening, 
so  that  the  skin  comes  to  resemble  coarse  leather.  On  the 
wall  of  the  chest  this  condition  is  knowir  as  cancer  en  cuirasse. 
Although  the  cancer  cells  very  constantly  attack  the  walls  of 
the  adjacent  veins  and  spread  into  their  interior  at  an  early 
period,  secondary  growths  due  to  dissemination  by  the  blood- 
stream rarely  show   themselves  clinically  until  late  in  the 
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course  of  the  disease.  It  is  probable  that  many  of  the  cancer 
cells  which  are  carried  away  in  the  blood  or  lymph  stream 
undergo  necrosis  and  fail  to  give  rise  to  secondary  growths. 
Secondary  growths  present  a  faithful  reproduction  of  the 
structure  of  the  primary  tumour.  Apart  from  the  lymphatic 
glands,  the  chief  seats  of  secondary  growths  are  the  liver, 
lungs,  serous  membranes,  and  bone  marrow. 


Fk!.  53.— CaiL-imnia  of  BrensL  with  Caucerous  Ulcer. 

The  tumour  tissue  may  undergo  necrosis,  and  when  the  over- 
lying skin  or  mucous  membrane  gives  way  an  ulcer  is  formed. 
The  margins  of  a  cancerous  ulcer  are  made  up  of  tumour  tissue 
which  has  not  broken  down.  Usually  they  are  irregular, 
nodularly  thickened  or  indurated;  sometimes  they  are  raised 
and  crater-like.  The  floor  of  the  ulcer  is  smooth  and  glazed, 
or  occupied  by  necrosed  tissue,  and  the  discharge  is  watery 
and  blood-stained,  and  as  a  result  of  putrefactive  changes  may 
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become  offensive.  Hsemorrliage  is  rarely  a  prominent  feature, 
but  the  discbarge  of  blood  may  constitute  a  symptom  of  con- 
siderable diagnostic  importance  in  cancer  of  internal  organs 
such  as  the  rectum,  the  bladder,  or  the  uterus. 

The  Contagiousness  of  Cancer.— A.  limited  number  of  cases 
are  on  record  in  which  a  cancer  appears  to  have  been  trans- 
ferred by  contact,  as  from  the  lower  to  the  upper  lip,  from  one 
labium  majus  to  the  other,  from  the  tongue  to  the  cheek,  and 
from  one  vocal  cord  to  the  other ;  these  being  all  examples  of 
cancer  involving  mucous  surfaces  which  are  constantly  or 
frequently  in  contact.  The  transference  of  cancer  from  one 
human  being  to  another,  whether  by  accident,  as  in  the  case 
of  a  surgeon  wounding  his  finger  while  operating  for  cancer, 
or  by  the  deliberate  introduction  of  a  portion  of  cancerous 
tumour  into  the  tissues,  has  never  been  known  to  be  followed 
by  the  development  of  cancer.  It  is  by  no  means  infrequent, 
however,  that  when  recurrence  takes  place  after  an  operation 
for  the  removal  of  cancer,  the  recurrent  growths  make  their 
appearance  in  relation  to  the  main  scar  of  the  wound  or  of 
the  scars  of  stitches  in  its  neighbourhood.  In  the  lower 
animals  the  grafting  of  cancer  only  succeeds  in  animals  of 
the  same  species;  for  example,  a  cancer  taken  from  a  mouse 
will  not  grow  in  the  tissues  of  a  rat,  but  only  in  a  mouse  of 
the  same  variety  as  that  from  which  the  graft  was  taken. 

While  cancer  cannot  be  regarded  as  either  contagious  or 
infectious  so  far  as  the  community  is  concerned,  it  is  important 
to  bear  in  mind  the  possibility  of  infection  of  a  wound  with 
cancer  when  operating  for  the  disease.  Cancers  should  not  be 
cut  into  unless  for  purposes  of  diagnosis,  and  the  wound  made 
for  exploration  should  be  tightly  closed  by  stitches  before  the 
curative  operation  is  proceeded  with ;  the  instruments  used  for 
the  exploration  must  not  be.  used  again  until  they  have  been 
boiled.  The  greatest  care  should  be  taken  that  cancers  which 
have  softened  or  broken  down  are  not  opened  into  during  the 
operation. 

Investigations  regarding  the  cause  of  cancer  have  been  pro- 
secuted with  great  energy  during  recent  years  in  all  parts  of 
the  world,  but  as  yet  without  positive  result.  It  is  recognised 
that  there  are  a  number  of  conditions  which  favour  the  develop- 
ment of  cancer,  such  as  prolonged  irritation,  and  a  considerable 
number  of  cases  have  been  recorded  in  which  cancer  of  the 
skin  of  the  hands  has  followed  prolonged  and  repeated  exposure 
to  the  Eontgen  rays. 

The  Alleged  Increase  of  Ca?jce?\— Kegarding  the  alleged 
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increase  of  cancer,  it  may  be  pointed  out  that  the  question 
how  far  available  statistics  represent  a  real  increase  cannot 
be  satisfactorily  solved,  because  it  is  impossible  to  ascertain 
how  much  of  the  apparent  increase  is  due  to  more  accurate 
diagnosis  and  improved  registration.  It  is  very  probable  also 
that  some  increase  has  taken  place  in  consequence  of  the 
increased  average  length  of  life ;  a  larger  proportion  of  persons 
now  reach  the  age  at  which  cancer  is  most  frequent. 

The  p'ognosis  largely  depends  on  the  particular  variety  of 
cancer  and  on  its  situation.  Certain  varieties — such  as  the 
atrophic  cancer  of  the  breast  which  occurs  in  old  people,  and 
some  forms  of  cancer  in  the  rectum — are  so  indolent  in  their 
progress  that  they  can  scarcely  be  said  to  shorten  life ;  while 
others — such  as  the  softer  varieties  of  mammary  cancer  occurring 
in  young  women — are  among  the  most  malignant  of  tumours. 
The  mode  in  which  cancer  causes  death  depends  to  a  large 
extent  upon  its  situation.  In  the  gullet  or  stomach,  for 
example,  it  usually  causes  death  by  starvation ;  in  the  larynx 
or  thyroid,  by  suffocation ;  in  the  intestine,  by  obstruction  of 
the  bowels;  in  the  uterus,  prostate,  and  bladder,  by  hfemorrhage, 
or  by  implication  of  the  ureters  and  kidneys.  Independently 
of  their  situation,  however,  cancers  frequently  cause  death  by 
giving  rise  to  a  progressive  impairment  of  health  known  as  the 
cancerous  cachexia,  a  condition  which  is  due  to  the  continued 
absorption  of  poisonous  products  from  the  tumour.  The 
patient  loses  appetite,  becomes  emaciated,  pale,  and  feverish, 
and  gradually  loses  strength  until  he  dies. 

Treatment. — Removal  by  surgical  means  affords  the  best 
prospect  of  cure.  "  If  carcinomatous  disease  is  to  be  rooted 
out,  its  mode  of  spread  by  means  of  the  lymphatic  vessels  must 
be  borne  in  mind,  and  as  this  occurs  at  an  early  stage,  and  is 
not  evident  on  examination,  a  very  wide  area  must  be  included 
in  the  operation.  The  organ  from  which  the  original  growth 
springs  should,  if  practicable,  be  altogether  removed,  because 
its  lymphatic  vessels  generally  communicate  freely  with  each 
other,  and  secondary  deposits  have  probably  already  taken 
l^lace  in  various  parts  of  it.  In  addition,  the  nearest  chain 
of  lymphatic  glands  must  also  be  removed,  even  though  they 
may  not  be  noticeably  enlarged,  and  in  some  cases — in  cancer 
of  the  breast,  for  example— tiie  intervening  lymphatic  vessels 
should  be  removed  at  the  same  time"  (Watson-Cheyne). 

The  treatment  of  cancer  by  other  than  operative  methods 
has  received  a  great  deal  of  attention  within  recent  years,  and 
many  agents  have  been  put  to  the  test  but  without  any 
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.positive  results.  Most  benefit  has  resulted  from  the  use  of 
the  X-rays  and  of  radium. 

Influence  of  the  X-rays  on  Cancer— It  has  been  demonstrated 
that  cancer  cells  are  more  sensitive  to  the  Eontgen  rays  than 
the  normal  cells  of  the  body,  and  are  more  easily  killed.  The 
effect  of  the  rays  varies  a  good  deal  with  the  nature  and  seat 
of  the  tumour.  In  rodent  cancers  of  the  skin,  for  example, 
the  X-ray  treatment  is  very  successful,  and  is  to  be  preferred 
to  operation  because  it  yields  a  better  cosmetic  result.  While 
small  epitheliomata  of  the  skin  may  be  cured  by  means  of  the 

■  rays,  they  are  not  so  amenable  as  rodent  cancers. 

Cancers  of  mucous  membranes,  such  as  those  of  the  nose 
,  and  mouth,  are  more  resistent  to  X-ray  treatment  than  those 
of  the  skin,  because  of  the  difficulty  of  access,  their  more 
rapid  growth,  and  the  frequent  infection  of  the  lymphatic 
glands.  In  cancers' situated  in  the  deeper  tissues,  such  as 
cancer  of  the  breast,  while  the  growth  of  the  tumour  may  be 
retarded  and  secondary  nodules  made  to  disappear,  it  is  doubt- 
ful if  a  permanent  cure  ever  results  from  their  use.  In  in- 
operable cancers  complicated  with  an  open  ulcer,  X-rays  are  of 
service  in  improving  the  condition  of  the  ulcer,  lessening  pain, 
improving  the  general  health,  and  prolonging  life.  In  mahg- 
nant  tumours  of  internal  organs.  X-rays  have  little  or  no 
influence. 

In  employing  X-rays  there  is  a  danger  of  the  applications 
being  of  too  long  duration,  or  of  giving  them  too  often.  This, 
however,  can  hardly  be  avoided,  because  the  treatment  must 
be  pushed  to  its  extreme  limit  to  afford  any  prospect  of  ob- 
taining the  desired  result.  The  formation  of  an  X-ray  ulcer 
is  a  very  undesirable  complication,  because,  apart  from  the  risk 
of  secondary  infection,  it  usually  necessitates  interruption  of 
:  the  treatment. 

X-ray  treatment  is  not  to  be  looked  upon  as  a  rival  but  as  a 
powerful  supplement  to  the  operative  treatment  of  cancer.  If 
the  disease  lends  itself  to  radical  removal  by  operation,  this 
should  always  be  undertaken,  and  the  X-rays  may  be  applied 
I  to  the  open  wound  at  the  completion  of  the  operation  ;  or  the 

■  wound  is  allowed  to  heal  and  the  rays  applied  afterwards 
through  the  skin. 

Railiimi  exerts  a  selective  influence  upon  cancer  cells  similar 
to  that  exerted  by  X-rays,  that  is  to  say,  the  tumour  cells  offer 
less  resistance  to  their  toxic  influence.  In  cancers  of  the  skin 
and  subcutaneous  tissue,  the  metal  tube  containing  the  radium 
salt  is  secured  in  position  by  strips  of  i)laster ;  experience  is 
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required  in  judging  the  exposure  which  is  necessary  to  obtain 
the  maximum  influence  on  the  cancer  cells  with  least  damage 
to  the  healthy  tissues.  In  deeply  seated  cancers,  the  tube, 
which  is  preferably  made  of  silver  or  gold,  should  be  implanted 
in  the  centre  of  the  tumour,  and  for  this  purpose  a  track  is 
made  by  a  trocar  and  cannula  or  a  bistoury;  by  means  of  a 
thread  attached  to  the  tube  its  position  can  be  changed 
from  day  to  day  or  every  two  or  three  days  in  order  to 
subject  successive  portions  of  the  tumour  to  the  action  of  the 
radium.  In  the  case  of  small,  deeply  seated  tumours,  an  open 
dissection  may  be  necessary  in  order  to  plant  the  tube  accu- 
rately in  its  interior.  It  has  been  found  that  the  influence  of 
the  implanted  radium  is  augmented  by  the  application  of 
another  tube  of  radium  to  the  skin  over  the  tumour,  thus 
obtaining  a  cross-fire  action  of  the  rays.  In  the  cavities  of  the 
body,  such  as  the  mouth,  vagina,  or  rectum,  the  method  of 
application  must  be  adapted  to  the  circumstances  of  the  in- 
dividual case. 

The  experience  already  gained  in  the  use  of  radimu  shows 
that  while  it  cannot  be  regarded  as  a  substitute  for  a  radical 
operation  when  this  is  possible,  it  is  of  value  after  operation 
with  the  object  of  preventing  recurrence,  and  it  is  sometimes 
of  great  value  in  inoperable  and  otherwise  hopeless  cases. 

Varieties  of  Cancer 

The  varieties  of  cancer  are  distinguished  according  to  the 
character  and  arrangement  of  the  epithelial  cells. 

The  squamous  epitlieliai  cancer  or  epitlielioma  originates  from 
a  surface  covered  by  squamous  epithelium,  such  as  the  skin,  or 
the  mucous  membrane  of  the  mouth,  gullet,  larynx,  bladder, 
and  external  genitals.  The  epithelial  columns  which  constitute 
the  cancer  retain  the  characters  of  squamous  epithelium,  and, 
being  confined  within  the  lymphatic  spaces  of  the  sub-epithelial 
connective  tissue,  become  compressed  and  undergo  a  horny 
change.  This  results  in  the  formation  of  concentrically  laminated 
masses  known  as  "cell  nests"  or  "epithelial  pearls." 

The  clinical  features  are  usually  those  of  a  slowly  growing 
indurated  tumour,  which  nearly  always  ulcerates  ;  there  is  a 
characteristic  induration  of  the  edges  and  floor  of  the  ulcer, 
and  its  surface  is  often  covered  with  warty  or  cauliflower-like 
outgrowths.  The  infection  of  the  lymphatic  glands  is  remark- 
ably early  and  constant,  and  constitutes  the  most  dangerous 
feature  of  the  disease ;  the  secondary  growths  in  the  glands 
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exhibit  the  charateristic  induration,  and  may  themselves  break 
down  into  ulcers. 

Epithelioma  frequently  originates  in  long-standing  ulcers  or 
sinuses,  and  in  scars,  and  probably  results  from  the  displace- 
ment and  sequestration  of  epithelial  cells  during  the  process 
I  of  cicatrisation. 

I     The  cnlumnar  epithelial  cancer  or  columnar  epithelioma  origin- 


FlG.  M. — Epithelioma  of  Lip. 

ates  in  mucous  membranes  covered  with  columnar  epithelium, 
.  and  is  chiefly  met  with  in  the  stomach  and  intestine.  It  is 
■  sometimes  described  as  a  malignant  adenoma,  because  of  its 

close  structural  resemblance  to  the  innocent  adenoma.  Its 
:  malignancy  is  shown  by  the  proliferating  epithelium  invading 
I  the  other  coats  of  the  stomach  or  intestine,  and  by  the  fact 
I  that  it  gives  rise  to  secondary  growths. 

Glandular  carcinoma  originates  in  glandular  organs,  such  as 
;  the  breast,  and  in  the  glands  of  mucous  membranes  and  skin. 

The  ei)ithelial  cells  are  not  arranged  on  any  definite  plan,  but 

are  closely  packed  in  irregularly  shaped  alveoli.    If  the  alveoli 
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are  large  and  th.e  intervening  stroma  is  scanty  and  delicate,  the 
tumour  is  soft  and  brain-like,  and  is  described  as  a  mednllary  or 
enceplialoid  cancer.  If  the  alveoli  are  small  and  the  intervening 
stroma  is  abundant  and  composed  of  dense  fibrous  tissue,  the 
tumour  is  hard,  and  is  known  as  a  scirrhous  cancer — a  form 
which  is  most  frequently  met  with  in  the  breast.  If  the  cells 
undergo  degeneration  and  absorption  and  the  stroma  contracts, 
the  tumour  becomes  still  harder,  and  tends  to  shrink  and 
to  draw  in  the  surrounding  parts,  in  the  breast  leading  to 
retraction  of  the  nipple  and  overlying  skin,  and  in  the  stomach 
and  intestine  to  narrowing  of  the  lumen.  When  the  cells  of 
the  tumour  undergo  colloid  degeneration,  a  colloid  cancer  is 
produced.  Melanin  pigment  is  formed  in  relation  to  the  cells 
and  stroma  of  certain  epithelial  tumours,  giving  rise  to  melanotic 
cancer.  Cystic  carcinomata  are  those  in  which  cyst-like  spaces 
are  formed  in  the  tumour  by  the  accumulation  of  the  secretion 
of  the  epithelial  cells,  or  as  a  result  of  their  degeneration. 
They  are  met  with  chiefly  in  the  breast  and  ovary,  and  resemble 
very  closely  the  cystic  adenomata,  only  they  tend  to  infect  their 
surroundings  and  give  rise  to  secondary  growths. 

Rodent  cancer  originates  in  the  glands  of  the  skin,  and 
presents  a  special  tendency  to  break  down  and  ulcerate  on 
the  surface.  It  very  rarely  infects  the  adjacent  lymphatic 
glands . 

Dermoids 

A  dermoid  is  defined  as  a  tumour  containing  skin  or  mucous 
membrane,  and  occurring  in  a  situation  where  these  tissues 
are  not  met  under  normal  conditions. 

Skin  dermoids,  or  Derma-cysts  as  they  have  been  called  by 
Askanazy,  arise  from  portions  of  epiblast  sequestrated  or  detached 
in  the  course  of  development.  When  coalescence  is  taking 
place  between  two  cutaneous  surfaces,  a  portion  of  epiblast 
becomes  sequestrated,  and  remains  embedded  until  at  some 
future  period  it  becomes  the  starting-point  of  a  dermoid.  Such 
a  dermoid  usually  presents  the  form  of  a  globular  cyst,  the  wall 
of  which  consists  of  skin,  and  the  contents  of  turbid  fluid  con- 
taining desquamated  epithelium,  fat  droplets,  cholcsterni 
crystals,  and  detached  hairs.  Delicate  hairs  may  also  be  found 
projecting  from  the  epithelial  lining  of  the  cyst.  Such 
dermoids  occur  on  the  trunk  in  situations  where  the  lateral 
halves  of  the  body  coalesce  during  development,  but  they  are 
more  commonly  met  with  on  the  face  and  neck  in  the  situation 


DERMOIDS 


225 


of  the  various  clefts  and  fissures  of  tlie  embryo.  Faulty- 
coalescence  of  the  cutaneous  covering  of  the  back  occurs  most 
frequently  over  the  lower  sacral  vertebrte,  giving  rise  to  small 
congenital  recesses,  known  as  post-anal  dimples  and  coccygeal 
sinuses.  These  recesses  are  lined  with  skin,  which  is  furnished 
with  hairs,  sebaceous  and  sweat  glands.  If  the  external  orifice 
becomes  occluded,  there  results  a  dermoid  cyst. 

Tubulo-dermoids  arise  from  embryonic  ducts  and  passages 
that  are  normally  obliterated  at  birth ;  they  are  illustrated  by 
those  related  to  the  thyro-glossal  duct  (lingual  dermoids),  the 
post-anal  gut  (rectal  and  post-rectal  dermoids),  and  the  branchial 
clefts  (branchial  dermoids).  Tubulo-dermoids  present  the 
same  structure  as  skin  dermoids,  save  that  in  so  far  as  they 
arise  from  a  tube  lined  by  mucous  membrane  this  takes  the 
place  of  skin  in  the  wall  of  the  cyst,  and  the  contents  consist 
of  the  pent-up  secretion  of  mucous  glands. 

Clinical  Feahtres.  —  Although  dermoids  are  of  congenital 
origin,  they  are  rarely  evident  at  birth,  and  may  not  give  rise 
to  visible  tumours  until  puberty,  when  the  skin  and  its  append- 
ages become  more  active,  or  not  till  adult  life.  Superficial 
dermoids,  such  as  those  met  with  at  the  outer  angle  of  the 
orbit,  form  rounded,  definitely  limited  tumours,  over  which 
the  skin  is  freely  movable.  They  are  usually  adherent  to  the 
deeper  parts,  and  when  situated  over  the  skull  they  may  be 
lodged  in  a  depression  or  actual  gap  in  the  bone.  Sometimes 
the  cyst  becomes  infected  and  suppurates,  and  finally  ruptures 
on  the  surface.  This  may  lead  to  a  natural  cure,  or  a  persistent 
sinus  may  remain.  Dermoids  more  deeply  placed,  such  as 
those  within  the  thorax,  or  those  situated  between  the  rectum 
and  sacrum,  give  rise  to  considerable  difficulty  in  diagnosis, 
and  their  nature  is  seldom  recognised  until  the  escape  of  the 
contents — particularly  hairs — supplies  the  clue.  The  literature 
of  dermoid  cysts  is  full  of  accounts  of  puzzling  tumours  met 
with  in  all  sorts  of  situations. 

The  treatment  is  to  remove  the  cyst.  When  it  is  im- 
possible to  remove  the  whole  of  the  lining  membrane  by 
dissection,  the  portion  that  is  left  should  be  destroyed  with  the 
cautery. 

Ovarian  Dermoids. — Dermoids  are  not  uncommon  in  the 
ovary  (Fig.  55).  They  usually  take  the  form  of  unilocular  or 
multilocular  cysts,  the  wall  of  which  contains  skin,  mucous 
membrane,  hair  follicles,  sebaceous,  sweat,  and  mucous  glands, 
nails,  teeth,  nipples,  and  mammary  glands.  The  cavity  of  the 
cyst  usually  contains  a  pultaceous  mixture  of  shed  epithelium, 
VOL.  I. — 15 
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fluid  fat,  and  hair.  If  the  cyst  ruptures,  the  epithelial  elements 
are  diffused  over  the  peritoneum,  and  may  give  rise  to  secondary 
dermoids. 

The  histogenesis  of  ovarian  dermoids  has  given  rise  to  con- 
siderahle  difference  of  opinion.  By  many  they  are  regarded 
as  taking  origin  from  the  epiblast,  and  as  containing  only  epi- 
blastic  structures;  recent  observations,  and  especially  those  of 
Askanazy,  would  appear  to  show  that  they  may  contain  tissues 
derived  from  all  three  layers  of  the  embryo,  and  that  no  hard 


Fig.  55— Dermoid  Cyst  of  Ovary  showing  Teetli  in  its  Interior. 

and  fast  line  can  be  drawn  between  an  ovarian  dermoid  and  a 

teratoma.  .  , 

The  ovarian  dermoid  appears  clinically  as  an  abdominal  or 
pelvic  tumour  provided  with  a  pedicle ;  if  the  pedicle  becomes 
twisted,  the  tumour  undergoes  strangulation,  an  event  which  is 
attended  with  urgent  symptoms,  not  unlike  those  of  strangu- 
lated hernia.  i  i  ^ 
The  treatment  consists  in  removing  the  tumour  by  lapaio- 

tomy. 
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Teratoma.— A  teratoma  is  distinguished  from  a  dermoid  not 
only  by  its  usually  containing  tissues  or  structures  derived 
from  all  the  germinal  layers  of  the  embryo,  but  also  by  the 
embryonic  character  of  the  tissues,  by  the  greater  rapidity  of 
their  growth,  and  by  their  tendency  to  give  rise  to  metastases. 
Teratomata  are  believed  to  result  from  partial  dichotomy  or 
cleavage  of  the  trunk  axis  of  the  embryo,  and  are  found 
exclusively  in  connection  with  the  skull  and  vertebral  column. 
They  include  such  monstrosities  as  conjoined  twins  or  parasitic 
fcetus.  They  are  more  commonly  met  with  as  irregularly 
shaped  tumours,  usually  groAving  from  the  posterior  surface  of 
the  sacrum.  On  dissection,  these  are  found  to  contain  a 
curious  mixture  of  tissues — bones,  skin,  and  portions  of  viscera, 
such  as  the  intestine  or  liver.  The  question  of  the  removal  of 
such  tumours  requires  to  be  considered  in  relation  to  the 
conditions  present  in  each  individual  case. 


Cysts  ^ 

Cysts  are  usually  rounded  sacs,  the  wall  being  composed  of 
fibrous  tissue  lined  by  epithelium  or  endothelium  ;  the  contents 
are  fluid  or  semi-solid,  and  vary  in  character  according  to  the 
organ  or  tissue  in  which  the  cyst  has  originated. 

Betention  and  Exudation  Cysts. — Retention  cysts  develop 
when  the  duct  of  a  secreting  gland  is  partly  obstructed;  the 
secretion  accumulates,  and  the  gland  and  its  duct  become 
distended  into  a  cyst.  They  are  frequently  met  wath  in  the 
mamma  and  pancreas,  and  in  the  salivary  mucous  and  sebaceous 
glands.  Sebaceous  cysts  or  wens  are  described  with  diseases 
of  the  skin,  and  other  retention  cysts  with  their  respective 
regions.  Exudation  cysts  arise  from  the  distension  of  cavities 
which  are  not  provided  with  excretory  ducts,  such  as  those 
in  the  thyroid. 

Implantation  cysts  are  caused  by  the  accidental  implantation 
of  portions  of  the  epidermis  into  the  underlying  connective 
tissue,  as  may  occur  in  accidental  wounds  by  needles,  awls, 
forks,  or  thorns.  The  implanted  epidermis  proliferates  and 
forms  a  small  cyst.  They  are  met  with  chiefly  on  the  palmar 
aspect  of  the  hngers,  and  vary  in  size  from  a  split  ])ea 
dissectl  ^^^^  treatment  consists  in  removing  them  by 

Parasitic  cysts  are   produced  by  the  growth  within  the 
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tissues  of  cyst-forming  parasites,  tlie  best  known  being  the 
tfenia  echinococcus,  which  gives  rise  to  the  hydatid  cyst. 

The  parent  worm,  the  tcenia  echinococcus,  inhabits  the 
intestine  of  the  dog,  and  its  ova  are  passed  with  the  fajces. 
Having  gained  entrance  to  the  stomach  of  the  intermediate 
host,  the  embryos  are  liberated ;  they  bore  through  the  wall  of 
the  intestine  and  reach  venous  and  lymphatic  channels,  by 
which  they  are  distributed  throughout  the  body.  When  the 
embryo  reaches  its  destination  it  loses  its  hooks,  enlarges, 
becomes  converted  into  a  cyst,  around  which  granulation  tissue 
forms.  The  liver  is  by  far  the  most  common  site  of  hydatid 
cysts  in  the  human  subject. 

The  wall  of  the  fully  formed  cyst  is  composed  of  an  internal 
granular  layer  or  endocyst ;  a  laminated,  elastic  outer  layer  or 
ectocyst ;  and  an  adventitious  capsule  of  fibrous  tissue.  From 
the  endocyst  are  formed  brood  capsules  and  scolices,  the  latter 
representing  the  heads  of  the  young  echinococci,  and  exhibiting  * 
a  series  of  suckers  and  a  row  of  booklets.    The  fluid  within  1 
the  cyst  is  colourless,  usually  neutral  in  reaction,  devoid  of 
albumen,  and  contains  a  trace  of  sodium  chloride,  and  other 
elements  which  vary  with  the  organ  in  which  the  cyst  is  em- 
bedded.   The  inner  layer  of  the  parent  cyst  frequently  gives 
oric^in  to  daughter  cysts  which  may  occupy  the  interior  of  the 
parent  cyst  or  lie  outside  it,  the  latter  being  the  usual  arrange- 
ment in  the  marrow  of  bone. 

Charles  MacLaurin  believes  that  daughter  cysts  only  form 
when  the  mother  cyst  is  disturbed  or  hindered  m  its  growth  ; 
daughter  cysts,  for  example,  are  almost  never  found  m  hydatid 
cysts  of  the  brain,  because  they  are  protected  from  injury  and 
from  infection,  and  death  occurs  before  serious  pressure  inter- 
feres with  the  growth  of  the  cyst.  They  ai-e  also  rare  in  the 
lung,  because  the  mother  cyst  is  well  protected,  and  wheii  it  does 
tend  to  become  large  it  ruptures  into  a  bronchus.  Daughter 
cysts  are  common  in  hydatids  of  the  liver,  the  muscles,  and  the 
Idoiigs 

With  regard  to  the  further  life-history  of  hydatids,  the  living 
elements  of  the  cysts  may  die  and  degenerate,  or  the  cyst  may 
increase  in  size  until  it  ruptures.  As  a  result  of  pyogenic 
infection  the  cyst  may  be  converted  into  an  abscess. 

The  clinical  features  of  hydatids  vary  so  nuich  with  their 
situation  and  size,  that  they  are  best  discussed  Avith  the  in- 
dividual organs.  In  general  it  may  be  said  that  there  is  a 
slow  formatiou  of  a  globular,  elastic,  fluctuating,  painless 
swelling     Fluctuation  is  detected  when  the  cyst  approaches 
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the  surface,  and  it  is  then  also  that  percussion  may  elicit  the 
"  hydatid  thrill "  or  fremitus.  This  thrill  is  not  often  obtain- 
able, and  in  any  case  is  not  pathognomonic  of  hydatids,  as 
it  may  be  elicited  in  ascites  and  in  tense  abdominal  or  pelvic 
cysts.  Pressure  of  the  cyst  upon  adjacent  structures,  and  the 
occurrence  of  suppuration,  are  attended  with  characteristic 
clinical  features. 

The  diagnosis  of  hydatids  will  be  considered  with  the  indi- 
vidual organs.  The  disease  is  more  common  in  certain  parts 
of  Australia  and  in  Shetland  and  Iceland  than  in  countries 
where  the  association  of  dogs  in  the  domestic  life  of  the  in- 
habitants is  less  intimate. 

The  treatment  is  to  excise  the  cyst  comjDletely,  or  to  inject 
into  it  a  1  per  cent,  solution  of  formalin.  In  operating  upon 
hydatids  the  utmost  care  must  be  taken  to  avoid  leakage 
of  the  contents  of  the  cyst,  as  these  may  readily  disseminate 
the  infection. 

Blood  cysts  result  from  the  encapsulation  of  extravasated 
blood  in  the  tissues,  from  haemorrhage  taking  place  into  a  pre- 
formed cyst,  or  from  the  saccular  pouching  of  a  varicose  vein. 

Lymph  cysts  may  result  from  contusions  in  which  the  skin 
is  forcibly  displaced  from  the  subjacent  tissues,  and  lymphatic 
vessels  are  thereby  torn  across.  The  cyst  is  usually  situated 
between  the  skin  and  fascia,  and  contains  clear  or  blood-stained 
serum.  At  first  it  is  lax  and  fluctuates  readily,  later  it  becomes 
larger  and  more  tense.  In  contrast  with  haemorrhagic  effusions, 
there  is  little  tendency  to  absorption.  The  treatment  consists 
in  drawing  off  the  contents  through  a  hollow  needle  and  apj^ly- 
ing  firm  pressure.  These  cysts  were  formerly  confused  with 
blood  cysts ;  their  true  nature  was  first  recognised  by  Ge^en- 
bauer.  ^ 

Apart  from  injury,  lymph  cysts  are  met  with  as  the  result  of 
the  distension  of  lymphatic  spaces  and  vessels  {lymphangiec- 
iasis);  and  in  lymphangiomata,  of  which  the  best-known 
example  is  the  cystic  hygroma  or  hydrocele  of  the  neck. 


Ganglion 

This  term  is  applied  to  a  cyst  filled  with  a  clear  jelly  or 
colloid  material,  met  with  in  the  vicinity  of  a  ioint  or'  tendon 
sheath. 

_  The  carpal  ^7a?^5rZ^■o?^— popularly  known  as  a  sprained  sinew- 
is  met  with  as  a  smooth,  rounded,  or  oval  swelling  on  the 
aorsal  aspect  of  the  carpus,  usually  towards  its  radial  side 
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(Fig.  56).  It  is  situated  over  one  of  the  intercarpal  or  other 
joints  in  this  region,  and  may  appear  to  be  connected  with 
one  or  other  of  the  extensor  tendons.  The  skin  and  fascia  are 
movable  over  the  cyst.  The  cyst  varies  in  size  from  a  pea  to 
a  pigeon's  egg,  and  usually  attains  its  maximum  size  within  a 
few  months.  It  becomes  tense  and  more  prominent  when  the 
hand  is  flexed  towards  the  palm.  Its  appearance  is  usually 
ascribed  to  some  strain  of  the  wrist — for  example,  in  girls 
learning  gymnastics,  or  in  women  after  a  heavy  washing.  It 
may  cause  no  symptoms  beyond  the  deformity,  or  it  may  inter- 
fere with  the  use  of  the  hand,  especially  in  grasping  movements 
and  when  the  hand  is  dorsiflexed.  In  females  it  may  give 
rise  to  pain  which  shoots  up  the  arm.    Ganglia  are  also  met 

with  on  the  dorsum  of 
the  metacarpus  and  on 
the  palmar  aspect  of  the 
wrist. 

The  tarsal  ganglion  is 
situated  on  the  dorsum 
of  the  foot  over  one  or 
other  of  the  intertarsal 
joints.  It  is  usually 
smaller,  flatter,  and  more 
tense  than  that  met  with 
over  the  wrist,  so  that  it 
is  sometimes  mistaken 
Fig.  56.— Carpal  Ganglion  in  a  woman  aged  25.   for  a  bony  tumour.  It 

rarely  causes  any  symp- 
toms, unless  so  situated  as  to  be  pressed  upon  by  the  boot. 

Ganglia  in  the  region  of  the  knee  are  usually  situated  over 
the  interval  between  the  femur  and  tibia,  most  often  on  the 
outer  aspect  of  the  joint  in  front  of  the  tendon  of  the  biceps 
(Fig.  57).  The  swelling,  which  may  attain  the  size  of  half  a 
walnut,  is  tense  and  hard  when  the  knee  is  extended,  and 
becomes  softer  and  more  prominent  when  it  is  flexed.  They 
are  met  with  chiefly  in  young  adult  males  who  follow  laborious 
occupations  or  who  indulge  in  athletics,  and  they  may  cause 
stiffness,  discomfort,  and  impairment  of  the  use  of  the  Irmb. 

Ganglionic  cysts  are  met  with  in  other  situations  than  those 
described,  but  they  are  so  rare  as  not  to  require  separate 

mention.  .  i    i,    •  i 

Ganglia  are  to  be  diagnosed  by  their  situation  and  physical 
characters;  enlarged  bursfe,  synovial  cysts,  and  new  growths 
are  the  swellings  most  likely  to  be  mistaken  for  them,  ihe 
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diagnosis  is  sometimes  only  cleared  up  by  withdrawing  the 
clear,  jelly-like  contents. 

Pnihological  Anaiomy. — On  dissection,  the  wall  of  the  cyst 
is  found  to  be  composed  of  dense  fibrous  tissue  closely  adherent 
to  or  fused  with  the  surrounding  tissues,  so  that  it  cannot  be 
shelled  out.  There  is  no  endothelial  lining,  and  the  fibrous 
tissue  of  the  wall  is  in  immediate  contact  with  the  colloid 
material  in  the  interior. 
The  microscopical  appear- 
ances give  the  impression 
that  the  colloid  material  is 
derived  by  a  process  of 
degeneration  from  the  sur- 
rounding fibrous  connective 
tissue.  In  the  region  of  the 
knee  the  ganglion  is  usually 
multilocular,  and  consists  of 
a  meshwork  of  fibrous  tissue, 
the  meshes  of  Avhich  are 
occupied  by  colloid  material. 

It  is  often  stated  that  a 
ganglion  originates  from  a 
hernial  protrusion  of  the 
synovial  membrane  of  a 
joint  or  tendon  sheath  into 
the  surrounding  tissues.  We 
have  not  been  able  to 
demonstrate  any  communi- 
cation between  the  cavity 
of  the  cyst  and  that  of  an 
adjacent  tendon  sheath  or 
joint.  It  is  possible,  how- 
ever, that  the  cyst  may 
originate  from  a  minute 
portion   of   synovial  mem-  ™        •^^P'-''^'^  o*"  Kuee. 

brane  being  protruded  and         (l^rom  a  photograph  lent  by  sir  George 
,  1  ,    T  ,        .     ,  T.  Beatson.) 

strangulated  so  that  it  be- 
comes disconnected  from  that  to  which  it  originally  belonged ; 
it  may  then  degenerate  and  give  rise  to  colloid  material,  which 
accumulates  and  forms  a  cyst.  Ledderhose  and  others  regard 
ganglia  as  entirely  new  formations  in  the  peri-articular  tissues, 
resulting  from  colloid  degeneration  of  the  fibrous  tissue  of  the 
capsular  ligament,  occurring  at  first  in  numerous  small  areas 
which  later  fuse  to  form  a  single  cavity.   Ganglia  are  probably, 
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therefore,  of  the  nature  of  degeneration  cysts  arising  in  the 
capsule  of  joints,  and  in  tendon  sheaths. 

Treatment. — If  a  ganglion  causes  deformity  or  disability, 
it  can  be  got  rid  of  by  an  aseptic  modification  of  the  old- 
fashioned  seton.  The  overlying  skin  and  cyst  wall  are  trans- 
fixed by  a  stout  curved  needle  carrying  a  double  thread  of  thick 
silkworm  gut,  the  ends  of  which  are  cut  short,  and  a  dressing 
applied.  A  week  later  the  threads  are  removed  and  the  minute 
puncttires  sealed  with  collodion.  The  action  of  the  threads  is 
to  excite  an  aseptic  granulation  of  the  cyst  wall,  which  results 
in  its  obliteration.  When  this  fails,  recourse  should  be  had  to 
excision.  Puncture  with  a  tenotomy  knife  and  scraping  the 
interior,  and  the  injection  of  irritants,  are  alternative,  but  less 
satisfactory,  methods  of  treatment. 

Ganglia  in  tendons  are  very  rare,  and  when  they  do  occur 
it  is  usually  in  young  adults.  The  diagnosis  rests  on  the 
observation  that  the  small  tumour  is  cystic,  and  that  it  com- 
pletely follows  the  movements  of  the  tendon.  The  cyst  is  at 
first  multiple,  but  the  partitions  disappear,  and  all  the  spaces 
are  thrown  into  one.  The  best  treatment  is  to  resect  the 
aifected  segment  of  tendon. 

The  so-called  "  compound  palmar  ganglion  "  is  a  tuberculous 
disease  of  the  tendon  sheaths,  and  is  described  with  diseases 
of  tendon  sheaths. 


CHAPTER  XII 


INJUEIES 

Contusions— Wounds  :  Varieties— Woxjnvs  by  Firearms  and  Ex- 
plosives :  Varieties  —Burns  and  Scalds- Injuries  produced 
BY  Electricity 

Contusions 

A  CONTUSION  or  bruise  is  a  laceration  of  the  subcutaneous 
soft  tissues,  -without  solution  of  continuity  of  the  skin.  When 
the  integument  gives  way  at  the  same  time,  a  contused  ivound 
results.  Bruising  occurs  when  force  is  applied  to  a  part  by 
means  of  a  blunt  object,  whether  as  a  direct  blow,  a  crush,  or 
a  grazing  form  of  violence.  If  the  force  acts  at  right  angles  to 
the  part,  it  tends  to  produce  localised  lesions  which  extend 
deeply;  while,  if  it  acts  obliquely,  it  gives  rise  to  lesions  which 
are  more  diffuse,  but  comparatively  superficial.  It  is  well  to 
remember  that  those  who  suffer  from  scurvy,  or  hsemophilia 
(bleeders),  and  fat  and  anaemic  females,  are  liable  to  be  bruised 
by  comparatively  trivial  injuries. 

Clinical  Features. — The  less  severe  forms  of  contusion  are 
associated  with  ecchymosis,  numerous  minute  and  discrete 
punctate  hsemorrhages  being  scattered  through  the  superficial 
layers  of  the  skin,  which  is  slightly  oedematous.  The  effused 
blood  is  soon  reabsorbed. 

The  more  severe  forms  are  attended  with  extravasation,  the 
extravasated  blood  being  widely  diffused  through  the  cellular 
tissue  of  the  part,  especially  where  this  is  loose  and  lax,  as  in 
the  region  of  the  orbit,  the  scrotum  and  perineum,  and  on  the 
chest  wall.  A  blue  or  bluish-black  discoloration  occurs  in 
patches,  varying  in  size  and  depth  with  the  degree  of  force 
which  produced  the  injury,  and  in  shape  with  the  instrument 
employed.  It  is  most  intense  in  regions  where  the  skin  is 
naturally  thin  and  pigmented.  In  parts  where  the  extravasated 
blood  is  only  separated  from  the  oxygen  of  the  air  by  a  thin 
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layer  of  epidermis  or  by  a  mucous  membrane,  it  retains  its 
bright  arterial  colour.  These  points  are  often  well  illustrated  in 
cases  of  black  eye,  where  the  blood  effused  under  the  con- 
junctiva is  bright  red,  while  that  in  the  eyelids  is  almost  black. 
In  severe  contusions  associated  with  great  tension  of  the  skin 
— for  example,  over  the  front  of  the  tibia  or  around  the  ankle — 
blisters  often  form  on  the  surface  and  constitute  a  possible 
avenue  of  septic  infection.  When  deeply  situated,  the  blood 
tends  to  spread  along  the  lines  of  least  resistance,  partly  under 
the  influence  of  gravity,  passing  under  fasciae,  between  muscles, 
along  the  sheaths  of  vessels,  or  in  connective-tissue  spaces,  so 
that  it  may  only  reach  the  surface  after  some  time,  and  at  a 
considerable  distance  from  the  seat  of  injury.  This  fact  is 
sometimes  of  importance  in  diagnosis,  as,  for  example,  in 
certain  fractures  of  the  base  of  the  skull,  where  discoloration 
appears  under  the  conjunctiva  or  behind  the  mastoid  process  a 
few  days  after  the  accident. 

Blood  extravasated  deeply  in  the  tissues  gives  rise  to  a  firm, 
resistant,  doughy  swelling,  in  which,  there  may  be  elicited  on 
deep  palpation  a  peculiar  sensation,  not  unlike  the  crepitus  of 
fracture. 

The  majority  of  contusions  tend  to  spontaneous  cure,  during 
the  progress  of  which  characteristic  alterations  in  the  colour  of 
the  cfiused  blood  take  place  as  a  result  of  changes  in  the  blood 
pigment.  In  from  twenty-four  to  forty-eight  hours  the  margins 
of  the  blue  area  become  of  a  violet  hue,  and  as  time  goes  on 
the  discoloured  area  increases  in  size,  and  becomes  successively 
green,  yellow,  and  lemon-coloured  at  its  margins,  the  central 
part  being  the  last  to  change.  The  rate  at  which  this  play 
of  colours  proceeds  is  so  variable,  and  depends  on  so  many  cir- 
cumstances, that  no  time-limits  can  be  laid  down.  During 
the  disintegration  of  the  effused  blood  the  adjacent  lymphatic 
glands  may  become  enlarged,  and  on  dissection  may  be  found 
to  be  pigmented. 

Sometimes  the  blood  collects  in  a  space  —  for  example, 
under  the  aponeurosis  of  the  occipito-frontalis,  in  the  tunica 
vaginalis,  or  in  a  large  connective-tissue  space — and  constitutes 
a  lioematoma.  The  encapsulation  of  such  an  effusion,  by  pro- 
liferation of  the  connective  tissue  around  it,  may  give  rise  to  a 
hcejnorrhar/ic  cyst. 

It  frequently  happens  that,  from  the  tearing  of  lymphatic 
vessels,  serous  fluid  is  extravasated,  and  a  lymj)hatic  or  serous 
cyst  may  form. 

In  all  contusions  accompanied  by  extravasation,  there  is 
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marked  swelling  of  the  area  involved,  as  well  as  pain  and 
tenderness.  The  temperature  may  rise  to  101°  F.,  or,  in  the 
laro-e  extravasations  that  occur  in  bleeders,  even  higher— a 
:  fonn  of  aseptic  fever  (Fig.  12).  The  degree  of  shock  is 
'  variable,  but  sudden  syncope  frequently  results  from  severe 
bruises  of  the  testicle,  abdomen,  or  head,  and  occasionally 
marked  nervous  depression  follows  these  injuries. 

Contusion  of  muscles  or  nerves  may  produce  partial  atrophy 
and  paresis,  as  is  often  seen  after  injuries  in  the  region  of  the 
shoulder. 

In  alcoholic  or  other  debilitated  patients,  suppuration  is 
liable  to  ensue  in  bruised  parts,  infection  taking  place  from 
cocci  circulating  in  the  blood,  or  through  the  overlying  skin. 

Treatment. — If  the  patient  is  seen  immediately  after  the 
accident,  elevation  of  the  part,  and  firm  pressure  applied  by 
means  of  a  thick  pad  of  cotton  avooI  and  an  elastic  bandage, 
are  useful  in  preventing  effusion  of  blood.  Ice-bags  and 
evaporating  lotions  are  to  be  used  with  caution,  as  they  are 
liable  to  lower  the  vitality  of  the  damaged  tissues  and  lead  to 
gangrene. 

When  extravasation  has  taken  place  before  the  patient  is- 
seen,  massage  is  the  most  speedy  and  efficacious  means  of 
dispersing  the  effused  blood.  The  part  should  be  massaged 
several  times  a  day,  unless  the  presence  of  blebs  or  abrasions 
of  the  skin  prevents  this  being  done.  When  this  is  the  case, 
the  use  of  antiseptic  dressings  is  called  for  to  prevent  infection 
and  to  promote  healing,  after  which  massage  is  employed. 

When  the  tension  caused  by  the  extravasated  blood  threatens- 
the  vitality  of  the  skin,  incisions  may  be  made,  if  asepsis  can 
be  assured.  The  blood  from  a  hsematoma  may  be  withdrawn 
by  an  exploring  needle,  and  the  puncture  sealed  with  collodion. 
Septic  complications  must  be  met  on  general  principles. 

Wounds 

A  wound  is  a  solution  in  the  continuity  of  the  skin  or 
mucous  membrane  and  of  the  underlying  tissues,  caused  by 
violence. 

Three  varieties  of  wounds  are  described  :  incised,  punctured, 
and  contused  and  lacerated. 

Incised  Wounds. — The  best  examples  of  incised  wounds  are 
those  made  by  the  surgeon  in  the  course  of  an  operation. 
Wounds  accidentally  inflicted  by  cutting  instruments  and 
suicidal  cut-throat  wounds  are  also  of  the  incised  variety.  It 
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should  be  borne  in  mind  in  connection  with  medico-legal 
inquiries,  that  wounds  of  soft  parts  that  closely  overlie  a 
bone,  such  as  the  skull,  the  tibia,  or  the  patella,  although 
inflicted  by  a  blunt  instrument,  may  have  all  the  appearances 
of  incised  wounds. 

Clinical  Features. — One  of  the  most  characteristic  features 
of  an.  incised  wound  is  its  tendency  to  gape.  This  is  evident 
in  long  skin  wounds,  and  especially  when  the  cut  runs  across 
the  part,  or  when  it  extends  deeply  enough  to  divide  muscular 
fibres  at  right  angles  to  their  long  axis.  The  gaping  of  a 
wound,  further,  is  more  marked  when  the  underlying  tissues 
are  in  a  state  of  tension — as,  for  example,  in  inflamed  parts. 
Incised  wounds  in  the  palm  of  the  hand,  the  sole  of  the  foot, 
or  the  scalp,  however,  have  little  tendency  to  gape,  because  of 
the  close  attachment  of  the  skin  to  the  underlying  fascia. 

Incised  wounds,  especially  in  inflamed  tissues,  tend  to  bleed 
profusely ;  and  when  a  vessel  is  only  partially  divided  and  is 
therefore  unable  to  contract,  it  continues  to  bleed  longer  than 
when  completely  cut  across. 

The  special  risks  of  incised  wounds  are:  (1)  division  of 
large  blood-vessels,  leading  to  profuse  hsemorrhage  ;  (2)  division 
of  nerve-trunks,  resulting  in  motor  and  sensory  disturbances ; 
and  (3)  division  of  tendons  or  muscles,  interfering  with 
motion.  Septic  infection  is,  of  course,  a  risk  common  to  all 
varieties  of  wounds. 

Treatment. — If  haemorrhage  is  still  going  on,  it  must  be 
arrested  by  pressure,  torsion,  or  ligature,  as  the  accumulation 
of  blood  in  a  wound  interferes  with  union.  If  necessary,  the 
wound  should  be  purified,  by  washing  with  saline  solution  or 
peroxide  of  hydrogen,  after  which  the  edges  are  apjiroximated 
by  sutures.  The  raw  surfaces  must  be  brought  into  accurate 
apposition,  care  being  taken  that  no  inversion  of  the  cutaneous 
surface  takes  place.  In  extensive  and  deep  wounds,  to  ensure 
more  complete  closure  and  to  prevent  subsequent  stretching  of 
the  scar,  it  is  advisable  to  unite  the  different  structures — 
muscles,  fascia,  and  subcutaneous  tissue — by  seijarate  series  of 
buried  sutures  of  catgut  or  other  absorbable  material.  For  the 
approximation  of  the  skin  edges,  stitches  of  horse-hair,  fishing- 
gut,  or  fine  silk  are  the  most  appropriate.  These  stitches  of 
■coaptation  may  be  interrupted  (Fig.  60)  or  continuous  (Figs.  58 
and  59).  In  small  superficial  wounds  on  exposed  parts,  stitch 
marks  may  be  avoided  by  approximating  the  edges  with 
strips  of  gauze  fixed  in  position  by  collodion,  or  by  subcutaneous 
sutures  of  fine  catgut.     Where  the  skin   is   loose,  as,  for 
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example  in  the  neck,  on  the  limbs,  or  in  the  scrotum,  the 
use  of  Michel's  suture  clips  is  advantageous  m  so  far  as  these 
brincv  the  deep  surfaces  of  the  skin  into  accurate  apposition, 
are  introduced  with  comparatively  little  pain,  and  leave  a  very 

slight  mark.  .    ,  .    .  i  * 

When  there  is  any  difficulty  m  bringing  the  edges  ot  the 

wound    into  apposition, 
a  few  interrupted  ?-e/a;m-  —     ~  -~ 

Hon  stitches  may  be  in- 
troduced  wide  of  the 
margins,  to  take  the  strain 
off  the  coaptation  stitches 
(Fig.  60).  Stout  silk, 
fishing-gut,  or  silver  wire 
may  be  employed  for  this 
purpose.  When  the  ten- 
sion is  extreme,  Lister's 
button  sutm-e  (Fig.  58) 
may  be  employed.  Ee- 
laxation  stitches  should 
be  removed  in  four  or  five  days,  and  stitches  of  coaptation  in 
from  ten  to  fourteen  days.  On  the  face  and  neck,  wounds  heal 
rapidly,  and  stitches  may  be  removed  in  two  or  three  days, 
thus  diminishing  the  marks  they  leave. 


Fig.  58.— Coutinuous  Suture,  uniting  Edges 
of  Wound.    Button  Sutures  of  Relaxation.  J 


Fig.  59.— Continuous  Sutures  :  (a)  Glover's    Fig.  60.— Interrupted  Sut- 
Stitch  ;  (6)  Blanket  or  Button-hole  Stitch.         ures.    Two  wide  Sutures 

of  Relaxation. 


Drainage. — In  wounds  in  which  no  cavity  has  been  left, 
and  in  which  there  is  no  reason  to  suspect  septic  infection, 
drainage  is  unnecessary.  When  the  deeper  parts  of  an 
extensive  wound  cannot  be  brought  into  accurate  apposition, 
however,  and  especially  when  there  is  any  prospect  of  oozing  of 
blood  or  serum — as  in  amputation  stumps  or  after  excision  of 
the  breast— drainage  is  indicated.    It  is  a  wise  precaution  also 
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to  insert  drainage-tubes  into  wounds  in  very  fat  patients 
when  there  is  the  shghtest  reason  to  suspect  the  presence  of 
septic  organisms.  Glass  or  rubber  tubes  are  the  best  drains ; 
but  where  it  is  desirable  to  leave  little  mark,  a  few  strands  of 
horse-hair  or  of  sterilised  worsted,  or  a  small  roll  of  protective 
or  rubber  tissue,  form  a  satisfactory  substitute.  Except  when 
sepsis  occurs,  the  drain  is  removed  in  from  one  to  four  days, 
and  the  opening  closed  with  a  Michel's  clip  or  a  suture. 

The  wound  should  be  protected  by  means  of  suitable 
dressings,  and  the  part  kept  at  rest  by  bandages,  splints,  oi- 
other  appropriate  means. 

Punctured  Wounds. — Punctured  wounds  are  produced  by 
narroAV,  pointed  instruments,  and  the  sharper  and  smoother 
the  instrument  the  more  does  the  resulting  injury  resemble  an 
incised  wound ;  while  from  more  rounded  and  rougher  instru- 
ments the  edges  of  the  wound  are  always  more  or  less  contused 
or  lacerated.  The  depth  of  punctured  wounds  greatly  exceeds 
their  width,  and  the  damage  to  subcutaneous  parts  is  usually 
greater  than  that  to  the  skin.  When  the  instrument  tran.sfixes 
a  part,  the  edges  of  the  wound  of  entrance  may  be  inverted, 
and  those  of  the  exit  wound  everted.  If  the  instrument  is  a 
rough  one,  these  conditions  may  be  reversed  by  its  sudden 
withdrawal. 

Punctured  wounds  neither  gape  nor  bleed  much.  Even 
when  a  large  vessel  is  implicated,  the  bleeding  usually  takes 
place  into  the  tissues  rather  than  externally. 

The  risks  incident  to  this  class  of  wounds  are:  (1)  The 
extreme  difficulty,  especially  Avhen  a  dense  fascia  has  been 
jjerforated,  of  rendering  them  aseptic,  on  account  of  the 
uncertainty  as  to  their  depth,  and  of  the  way  in  which  the 
surface  wound  closes  on  the  withdrawal  of  the  instrument. 
(2)  Different  forms  of  aneurysm  may  result  from  the  puncture 
of  krge  vessels.  (3)  Perforation  of  a  joint,  or  of  a  serous 
cavity,  such  as  the  abdomen,  thorax,  or  skull,  materially  adds 
to  the  danger. 

Treatment. — The  first  indication  is  to  sterilise  the  whole 
extent  of  the  wound,  and  to  remove  any  foreign  body  that 
may  have  been  left  in  it.  That  this  may  be  done  satisfactorily 
it  is  usually  necessary  to  enlarge  the  wound,  freely  dividing 
injured  fasciaj.  Blood-clots  are  cleared  out,  bruised  tissues 
pared  away,  and  the  whole  wound  -  surface  purified.  Any 
blood-vessel  that  is  punctured  should  be  cut  across  and  tied  : 
and  divided  muscles,  tendons,  or  nerves  must  be  sutured. 
After  hsemorrhage  has  been  arrested,  the  wound  is  drained. 
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If  there  is  any  reason  to  doubt  the  asepticity  of  the  wound,  a 
Bier's  bandage  should  be  applied. 

Contused  and  Lacerated  Wounds. — These  may  be  con- 
■  sidered   together,  as  they  so  occur  in  practice.    They  are 
:  produced  by  crushing,  biting,  or  tearing  forms  of  violence — 
:  such  as  result  from  machinery  accidents,  firearms,  or  the  bites 
of  animals.     In  addition   to  the   irregular  wound  of  the 
integument,  there  is  always  more  or  less  bruising  of  the  parts 
beneath  and  around,  and  the  lesions  are  usually  much  wider 
in  area  than  at  first  sight  appears. 

Wounds  of  this  variety  usually  gape  considerably,  especially 
when  there  is  much  laceration  of  the  skin.  It  is  not  uncommon 
to  have  considerable  portions  of  skin,  muscle,  or  tendon  com- 
pletely torn  away. 

Hemorrhage  is  seldom  a  prominent  feature,  as  the  crushing 
or  tearing  of  the  vessel  wall  leads  to  the  obliteration  of  the 
lumen. . 

The  special  risks  of  these  wounds  are  :  (1)  Sloughing  of  the 
bruised  tissues,  especially  when  attempts  to  sterilise  the  wound 
have  not  been  completely  successful.  (2)  Eeactionary  haemor- 
rhage after  the  initial  shock  has  passed  off.  (3)  Secondary 
haemorrhage  as  a  result  of  septic  processes  ensuing  in  the 
wound.  (4)  Loss  of  muscle  or  tendon,  interfering  with  motion. 
(5)  Cicatricial  contraction.  (6)  Gangrene,  which  may  follow 
occlusion  of  main  vessels,  or  virulent  infective  processes. 
(7)  It  is  not  uncommon  to  have  particles  of  carbon  embedded 
in  the  tissues  after  lacerated  wounds,  leaving  unsightly, 
pigmented  scars.  This  is  often  seen  in  coal-miners,  and  in 
those  injured  by  firearms,  and  is  to  be  prevented  by  carefully 
removing  all  gross  dirt  from  the  edges  of  the  wound. 

Treatment. — In  severe  wounds  of  this  class  implicating  the 
extremities,  the  most  important  question  that  arises  is  whether 
or  not  the  limb  can  be  saved.  In  examining  the  limb, 
attention  should  first  be  directed  to  the  state  of  the  main 
blood-vessels,  in  order  to  determine  if  the  vascular  supply  of 
the  part  beyond  the  lesion  is  sufficient  to  maintain  its  vitality. 
Amputation  is  usually  called  for  if  there  is  complete  absence 
of  pulsation  in  the  distal  arteries  and  if  the  part  beyond  is  cold. 
If  at  the  same  time  important  nerve-trunks  arc  lacerated,  the 
probability  of  gangrene  ensuing  is  increased.  If,  in  addition, 
there  is  extensive  destruction  of  large  muscular  masses  or  of 
important  tendons,  or  comminution  of  the  bones,  amputation 
is  usually  imperative.  Stripping  of  large  areas  of  skin  is  not 
in  itself  a  reason  for  removing  a  limb,  as  much  can  be  done 
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by  skin  grafting,  but  when  it  is  associated  with  other  lesions 
it  favours  amputation.  In  considering  these  points,  it  must 
be  borne  in  mind  that  the  damage  to  the  deeper  tissues  is 
always  more  extensive  than  appears  at  first  sight,  and  that 
in  many  cases  it  is  only  possible  to  estimate  the  real  extent 
of  the  injury  by  administering  an  anaesthetic  and  exploring 
the  wound.  In  doubtful  cases  the  possibility  of  rendering  the 
parts  aseptic  will  often  decide  the  question  for  or  against 
amputation.  If  thorough  purification  is  accomplished,  the 
success  which  attends  conservative  measures  is  often  remark- 
able. It  is  permissible  to  run  an  amount  of  risk  to  save  an 
upper  extremity  which  would  be  quite  unjustifiable  in  the  case 
of  a  lower  limb.  The  age  and  occupation  of  the  patient  must 
also  be  taken  into  account. 

When  it  is  decided  to  make  the  attempt  to  save  the  limb, 
the  wound  must  be  carefully  and  thoroughly  purified.  If 
necessary  it  may  be  enlarged,  so  that  all  bruised  tissue  in 
which  gross  dirt  has  become  engrained  may  be  clipped  away 
with  scissors.  The  raw  surface  should  be  thoroughly  cleansed 
with  sterilised  salt  solution  or  peroxide  of  hydrogen.  All 
rough  scrubbing  with  strong  antiseptics  is  to  be  avoided,  as 
being  only  calculated  to  depress  the  vitality  of  the  tissues 
without  increasing  the  probability  of  rendering  the  wound 
aseptic.  The  wound  should  be  left  un&titched,  freely  drained 
or  packed  with  gauze,  and  immobilised  by  suitable  splints,  and 
passive  hypergemia  should  be  produced  by  means  of  a  Bier's 
bandage. 

Wounds  bt  Fieearms  and  Explosives 

The  present  consideration  of  gun-shot  wounds  refers  chiefly 
to  such  injuries  as  are  met  with  in  civil  practice.  Th-e  subject 
will  be  dealt  with  under  the  following  heads  : — Pistol-shot 
wounds,  wounds  by  sporting-guns,  wounds  by  rifle-bullets,  and 
shell  wounds. 

Whatever  the  nature  of  the  weapon,  the  Avound  is  of  the 
contused  and  lacerated  variety.  Its  severity  depends  on  the 
size,  shape,  and  velocity  of  the  missile,  the  range  at  which 
the  weapon  is  discharged,  and  the  part  of  the  body  struck. 

Shock  is  a  prominent  feature  in  most  cases  of  gun-shot 
wound,  but  its  degree,  as  well  as  the  time  of  its  onset,  varies 
with  the  extent  and  seat  of  the  injury,  and  with  the  mental 
state  of  the  patient  when  shot.  At  the  moment  of  injury  the 
patient  experiences  a  sensation  which  is  variously  described 
as  being  like  the  lash  of  a  whip,  a  blow  with  a  stick,  or  an 
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electric  shock.  There  is  not  much  pain  at  first,  but  later  it 
may  become  severe,  and  is  usually  associated  with  intense 
thirst,  especially  when  much  blood  has  been  lost. 

Recent  experience  has  shown  that  even  in  active  warfare 
the  great  majority  of  gun-shot  wounds  heal  by  first  intention 
if  treated  on  antiseptic  principles  from  the  first,  by  the 
intelligent  application  of  the  field  dressing  with  which  each 
soldier  is  provided. 

Considerable  difference  of  opinion  exists  as  to  the  advisability 
of  removing  embedded  bullets,  some  authorities  holding  that 
unless  causing  definite  symptoms  they  should  be  left  alone, 
while  others  advocate  their  extraction  to  obviate  possible  later 
complications  and  to  relieve  the  mind  of  the  patient.  It  is 
needless  to  say  that,  in  localising  bullets  as  a  preliminary  to 
operation,  invaluable  aid  is  obtained  by  the  use  of  the  Rontgen 

I  rays.  By  the  aid  of  stereoscopic  skiagraphy,  or  Mackenzie- 
Davidson's  "cross-thread  localiser,"  or  by  taking  two  or  more 

t  skiagi-ams  in  different  planes,  the  position  of  the  bullet  can  be 
determined  with  great  accuracy.    This  procedure  has  entirely 

[superseded  the  employment  of  special  probes  and  other 
instruments  for  this  purpose. 

Pistol-shot  Wounds. — Wounds  inflicted  by  pistols,  revolvers, 
and  small  air-guns  are  of  frequent  occurrence  in  civil  practice, 

1  the  weapon  being  discharged  usually  by  accident,  but  frequently 

'with  suicidal,  and  sometimes  with  homicidal  intent. 

With  all  calibres  and  at  all  ranges,  except  actual  contact, 
the  wound  of  entrance  is  smaller  than  the  bullet.  If  the 
weapon  is  discharged  within  a  foot  of  the  body,  the  skin 
surrounding  the  wound  is  usually  stained  with  smoke  and 

i  burned,  and  the  hair  singed.  At  ranges  varying  from  six 
inches  to  thirty  feet,  grains  of  powder  may  be  found  embedded 
in  the  skin  or  lying  loose  on  the  surface,  the  greater  the  range 

I  the  wider  being  the  area  of  spread.  When  black  powder  is- 
used,  the  embedded  grains  usually  leave  a  permanent  bluish- 
black  tattooing  of  the  skin.  When  the  weapon  is  placed  in 
contact  with  the  skin,  the  subcutaneous  tissues  are  lacerated 
over  an  area  of  two  or  three  inches  around  the  opening  made 
by  the  bullet,  and  smoke  and  powder  staining  and  scorching 

;  are  more  marked  than  at  longer  ranges. 

When  the  bullet  perforates,  the  exit  wound  is  usually 
larger  and  more  extensively  lacerated  than  the  wound  of 
entrance.  Its  margins  arc  as  a  rule  everted,  and  it  shows  no 
marks  of  flame,  smoke,  or  powder. 

Pistol  wounds  oidy  produce  dangerous  eflects  when  flred  at 
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close  range,  and  when  the  cavities  of  tlie  skull,  the  thorax,  or 
the  abdomen  are  implicated.  These  injuries  will  be  described 
with  regional  surgery. 

Pistol-shot  wounds  of  joints  and  soft  j^arts  are  seldom  of 
serious  import  apart  from  the  risk  of  septic  infection. 

Treatment. — The  treatment  of  recent  wounds  of  the  soft  | 
parts  consists  in  purifying  the  bullet  tracks  with  a  view  to 
preventing  septic  complications.  An  attempt  may  have  to  be 
made  to  remove  the  bullet,  the  exact  position  of  which  should, 
if  possible,  be  determined  by  the  use  of  the  Eontgen  rays. 
If  the  patient  is  not  seen  until  the  wound  has  healed,  and  if 
the  bullet  is  deeply  lodged  and  causes  no  inconvenience,  it 
may  be  left  alone.  Probes  should  be  avoided  in  searching  for 
bullets  in  soft  parts  overlying  joints  or  serous  cavities ;  the 
wounds  should  be  enlarged,  if  necessary,  to  admit  the  finger 
for  purposes  of  exploration. 

Wounds  by  Sporting- guns. — The  weapons  most  commonly 
used  in  this  country  for  sporting  purposes  are  the  12-  or 
16-bore  gun,  and,  less  frequently,  the  smaller  20-bore.  The 
cartridges  are  usually  loaded  with  amberite  or  other  smokeless 
powder,  and  carry  a  charge  of  from  two  to  three  hundred  small 
pellets  (N"o.  5  or  No.  6  shot),  weighing  from  300  to  450  grains. 

The  charge  of  small  shot  leaves  the  muzzle  of  the  gun  as  a 
cylinder,  gradually  becoming  spherical  as  the  pellets  scatter, 
till,  at  about  twenty  feet  from  the  muzzle,  the  dispersion  is 
complete,  each  pellet  taking  its  own  course. 

When  the  object  struck  is  within  one  and  a  half  to  two  feet 
of  the  muzzle  of  the  gun,  the  charge  makes  a  single,  sharply 
cut  wound,  somewhat  oval  in  outline,  having  much  the 
appearance  of  a  wound  produced  by  a  single  bullet.  The  wound 
of  exit  is  much  larger  and  more  ragged,  and  the  tissues  through 
which  the  charge  has  passed  are  torn  and  lacerated  by  the 
scattering  of  the  pellets.  If  a  bone  is  struck  it  is  shattered, 
and  the  soft  parts  around  it  are  destroyed  by  the  deflection  of 
the  shot,  which  tear  up  the  tissues  through  which  they  pass. 
Portions  of  bone  may  be  driven  out  through  the  exit  wound 
and  cause  great  laceration  of  its  edges. 

Pellets  striking  the  shafts  of  long  bones  may  become 
flattened  or  distorted,  and  when  cancellated  bone  is  struck 
they  remain  embedded  in  it. 

When  the  charge  imjunges  over  one  of  the  large  cavities  of 
the  body,  the  shot  may  scatter  widely  through  the  contained 
viscera,  and  there  is  often  no  exit  wound.  In  the  thorax, 
for  example,  if  a  rib  is  struck,  the  charge,  and  possibly  frag- 
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ments  of  bone,  will  penetrate  the  pleura,  and  be  dispersed 
throngliout  the  lung ;  in  the  head,  the  skull  may  be  shattered 
and  the  brain  torn  up ;  and  in  the  abdomen,  the  hollow  viscera 
may  be  perforated  in  many  places  and  the  solid  organs 
lacerated. 

On  covered  parts  the  clothing,  by  deflecting  the  shot, 
influences  the  size  and  shape  of  the  wound ;  the  entrance 
wound  is  increased  in  size  and  more  ragged,  and  portions  of 
the  clothes  may  be  driven  into  it. 

By  the  discharge  of  small  shot  at  a  distance  of  from  two  to 
four  feet  from  the  muzzle,  the  central  wound  is  slightly  ragged ; 
and  beyond  four  feet,  the  j^ellets  begin  to  disperse  so  that  there 
are  separate  punctures  round  the  central  opening.  As  the 
distance  increases  these  outlying  punctures  make  a  wider  and 
wider  pattern,  till  at  ten  feet  they  cover  an  area  of  about  five 
inches.  The  central  opening  is  at  its  largest  about  six  or  seven 
feet  from  the  -muzzle ;  beyond  this  it  gradually  gets  smaller, 
till  at  ten  or  fifteen  feet  it  is  scarcely  recognisable,  and  at 
twenty  feet  it  has  completely  disappeared,  each  individual 
pellet  making  its  own  piincture. 

When  the  shot  have  diverged  so  as  to  strike  singly,  they 
seldom  do  much  harm,  but  fatal  damage  may  be  done  to  the 
brain  or  to  the  aorta,  or  the  eye  may  be  seriously  injured  by  a 
single  pellet.  When  a  large  number  of  pellets  lodge  close  to 
one  another,  the  skin  is  very  apt  to  slough. 

Small  shot  fired  at  longer  ranges — up  to  about  a  hundred 
and  fifty  feet — usually  go  through  the  skin,  but  seldom  pierce 
the  fascia,  and  lie  embedded  in  the  subcutaneous  tissue,  from 
which  they  can  readily  be  extracted. 

The  wad  of  the  cartridge  behaves  very  erratically  :  so  long 
as  it  remains  flat  it  goes  ofi'  with  the  rest  of  the  charge,  and  is 
often  buried  in  the  wound  ;  but  if  it  curls  up  or  turns  on  its 
•side  it  is  usually  deflected  and  flies  clear  of  the  shot.  It  may 
make  a  separate  wound. 

A  charge  of  small  shot  is  much  more  destructive  to  blood- 
vessels, tendons,  and  ligaments  than  a  single  bullet,  which  in 
many  cases  pushes  such  structures  aside  without  actually 
dividing  them.  In  the  abdomen  and  chest,  also,  the  damage 
done  by  a  full  charge  of  shot  is  much  more  extensive  than  that 
inflicted  by  a  single  ball,  the  deflection  of  the  pellets  loading 
to  a  greater  number  of  perforations  of  the  intestine  and  more 
widespread  laceration  of  solid  viscera. 

When  a  charge  of  small  shot  fired  at  close  range  strikes  the 
surface  of  the  body  obliquely,  considerable  portions  of  soft 
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tissues  may  be  carried  away,  leaving  a  large  ragged  wound, 
with  torn  margins,  in  which  stray  pellets  are  often  embedded. 

Wounds  by  Rifle-bullets. — The  vast  majority  of  wounds 
inflicted  by  rifle-bullets  are  met  with  in  the  field  during  active 
warfare,  and  fall  to  be  treated  by  military  surgeons.  They 
occasionally  occur  accidentally,  however,  during  range  practice, 
and  may  then  come  under  the  notice  of  the  civil  surgeon. 

It  is  only  necessary  here  to  consider  the  effects  of  modern 
small-bore  bullets— that  is,  anything  less  than  0-3.50  inch  in 
diameter,  as  no  others  are  now  used  by  civilised  armies. 

The  Lee-Enfield  rifle,  which  is  the  present  arm  ot  the 
British  army,  fires  a  bullet  1-25  inch  in  length,  0-311  inch  in 
diameter,  and  weighing  about  215  grains.  It  is  composed  of  a 
core  of  lead  hardened  with  antimony,  encased  in  an  envelope  of 
cupro-nickel  alloy,  and  it  leaves  the  muzzle  of  the  gun  with  a 
velocity  of  2000  feet  per  second. 

The  Mauser  bullet  is  1-21  inch  long,  0-275  inch  in  diameter, 
and  weighs  about  175  grains.  It  has  a  steel  sheath,  and  its 
muzzle  velocity  is  2380  feet  per  second. 

These  may  be  taken  as  the  types  of  modern  mihtary  pro- 
jectiles. The  trajectory  is  practically  flat  up  to  500  yards. 
In  destructive  efi'ect  there  is  not  much  difference  between 
them  -  they  will  kill  up  to  a  distance  of  two  miles.  The  hard 
coverincT  is  employed  to  enable  the  bullet  to  take  the  grooves 
in  the  rifle,  and  to  prevent  it  stripping  as  it  passes  through  the 
barrel  It  also  increases  the  penetrating  power  of  the  missile, 
but  diminishes  its  "stopping"  power,  unless  a  vital  part  of  a 
long  bone  is  struck.  By  removing  the  covering  from  the  point 
of  the  bullet,  as  is  done  in  the  Dum-Dum  bullet,  or  by  splitting 
the  end,  the  bullet  is  made  to  expand  or  "mushroom  when 
it  strikes  the  body,  and  its  stopping  power  is  thereby  greatly 
increased,  the  resulting  wound  being  much  more  severe.  These 
"soft-nosed"  expanding  bullets  are  to  be  distinguished  from 
"explosive"  bullets,  which  contain  substances  which  detonate 
on\^mpact.  High-velocity  conical  bullets  are  less  likely  to 
Llc^e  n  the  body  than  the  old  spherical  balls  Spent  shot 
,na?  merely  cause  bruising  of  the  surface,  or  they  may  pass 
throucrh  the  skin  and  lodge  in  the  subcutaneous  tissue. 

A  blank  cartridge  fired  at  close  range  may  cause  a  severe 
wound,  and,  if  charged  with  black  powder,  may  leave  a  per- 
manent bluish-black  pigmentation  of  the  skin. 

Ffferts  of  Small-bore  Bullets  on  Different  Tissnes.-When  the  pro- 
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which  is  slightly  if  at  all  larger— indeed,  they  can  scarcely  be  dis- 
tinguished from  one  another.  So  minute  are  these  wounds  that  they 
may  readilv  be  overlooked,  especially  as  they  rarely  bleed  externally. 
Thewound"s  are  smaller  than  tlie  bullet  that  produces  them,' and  then- 
size  does  not  appear  to  bear  any  constant  relation  to  the  range  at  which 
the  weapon  is  fired.  As  a  rule,  no  clothing  or  other  foreign  body  is 
carried  into  the  w^ound,  and  healing  by  primary  union  is  almost  invari- 
able. The  patient  often  feels  as  if  he  had  been  sharply  struck  with  a 
hammer,  and  shock  is  comparatively  slight,  even  when  the  abdomen  is 
perforated.  In  short  -  range  wounds  there  is  usually  considerable 
haemorrhage  into  the  subcutaneous  tissues. 

Shafts  of  Long  Bones.— The  effect  of  a  small-bore  bullet  on  the 
diajjhysis  of  a  long  bone  is  influenced  chiefly  by  the  range  at  which  the 
bullet  was  fired,  that  is,  by  its  velocity  at  the  moment  of  impact.  In 
nearly  all  cases  a  comminuted  fracture  results.  Lieutenant-Colonel 
Hicksoni  divides  these  fractures  into  three  varieties  :  (1)  the  short-range 
ttjpe  (up  to  200  yards),  in  which  the  bullet  passes  through  the  medul- 
lary cavity  at  a  high  velocity,  producing  an  entrance  wound  which  is 
small,  circular,  and  equal  in  diameter  to  the  bullet,  and  an  exit  wound 
which  is  larger  and  irregular  with  ragged  edges.  The  bone  is  so  highly 
comminuted  that  several  inches  of  its  length  may  be  pulverised,  and 
long  fissures  pass  into  the  shaft  beyond,  fragments  of  bone  may  be 
carried  out  through  the  skin,  producing  secondary  apertures  of  exit,  from 
which  fragments  of  muscle  or  tendon  may  protrude.  Such  wounds  almost 
always  become  infected. 

In  (2) — the  medmm-rangc  type  (300  to  800  yards) — the  exit  wound  is 
still  larger  than  the  entrance,  but  the  soft  parts  are  not  lacerated  to  the 
same  extent.  The  bone  is  highly  comminuted,  but  not  forced  out  of 
the  tissues,  neither  is  it  broken  into  so  many  or  such  small  fragments. 

In  (3) — the  long-range  type  (over  900  yards) — the  entrance  and  exit 
wounds  tend  to  approximate  iu  size.  The  soft  parts  are  not  injured  to 
any  marked  extent.  There  is  less  tendency  to  complete  separation  of 
fragments,  and  these  are  few  in  number,  although  they  may  be  large  in 
size.  The  bullet  often  lodges  in  the  bone  or  soft  tissues.  Suppuration 
does  not  often  occur  in  this  variety. 

Cancellous  Ends  of  Long  Bones  and  Joints. — In  some  cases  the  bullet 
perforates  the  cancellous  tissue  of  the  epiphysis  of  a  long  bone  without 
causing  comminution  or  involving  the  adjacent  joint.  As  a  rule,  how- 
ever, it  passes  through  the  joint  in  its  coiirse,  giving  rise  to  an  ettusion 
of  blood  into  the  cavity,  but  without  causing  flssuriug  or  comminution 
of  the  articular  surfaces. 

In  rare  cases,  and  particularly  in  the  knee-joint,  the  bullet  traverses 
the  synovial  cavity  without  impinging  on  the  osseous  element.'!.  The 
great  majority  of  bullet-wounds  implicating  joints  remain  aseptic,  and 
the  function  of  the  joint  is  not  permanently  impaired. 
_  The  presence  of  fluid  iu  an  articulation  is  not  pathognomonic  of 
.]oint  nijury,  as  it  not  infrequently  occur.s  in  connection  with  injuries  of 
the  shall  which  do  not  implicate  the  epiphysis. 

Blood-vessels.— Wounds  of  large  blood-vessels  are  comparatively 
common.  Tliey  are  clean-cut  sections  or  perforatioiis  when  the  ve.ssel's 
are  directly  struck,  and  oval  pcrlbrations  when  hit  taiigeiitially.  The 
■^alMjore  bullet,  however,  i.s  capable  of  causing  such  ilamage  to  the  walls 
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of  an  artery  by  the  merest  graze  that,  although  no  actual  opening  is  made 
into  it  at  the  time,  sloughing  of  the  part  of  the  vessel  so  injured  takes 
place  later,  and  hiBmorrliage  or  a  traumatic  aneurysm  is  the  result.  If 
the  vessel  is  a  large  one  and  placed  superficially  or  in  one  of  the  cavities 
of  the  body,  hfemorrhage  is  speedily  fatal  ;  but  when  the  blood  cannot 
escape  externally,  and  collects  in  the  tissues,  it  may  cause  sufficient 
tension  to  arrest  the  bleeding,  and  a  traumatic  aneurysm  results  (Surgeon- 
General  Stevenson).  When  an  artery  and  its  accompanying  vein  are 
injured,  an  aneurysmal  varix  develops. 

Bullet-wounds  of  nerves  are  described  on  p.  357. 

Head  Injuries. — Surgeon-General  Stevenson^  divides  bullet- wounds 
of  the  head  into  (1)  scai^J  wounds  with  contusion  of  the  skull,  and  (2) 
fractures.  The  former  are  due  to  the  impact  of  a  bullet  travelling  at  a 
low  velocity  and  im2:)inging  very  obliquely  on  the  head.  Even  although 
the  bone  is  not  visibly  damaged,  tlaere  may  be  marked  symptoms  of 
concussion,  and  in  some  cases  small  htemorrhages  and  laceration  of  the 
brain  result  and  give  rise  to  symptoms  of  irritation  or  of  compression. 
In  these  injuries  the  prognosis  is  always  favourable. 

Gun-shot  fractures  are  divided  into  (a)  gutter  fractures,  in  which  a 
trench  is  ploughed  through  the  outer  table  and  diploe,  while  the  inner 
table  is  comminuted,  small  fragments  sometimes  being  driven  through 
the  dura. 

(6)  Penetrating  fractures,  in  which  there  is  only  one  aperture  in  the- 
calvaria,  and  tlie  bullet,  not  having  sufficient  impetus  to  carry  it 
through  the  brain,  lodges  in  it.  The  opening  is  large  and  irregular, 
and  fragments  of  considerable  size  may  be  depressed  or  even  driven  into 
the  brain,  causing  serious  laceration  of  its  substance. 

(c)  Perforating  fractures,  which  vary  in  character  with  the  range  at 
which  the  weapon  is  discharged.  At  close  range  very  serious  damage  is 
inflicted,  considerable  portions  of  the  skull  and  brain  are  sometimes 
blown  away,  and  death  is  usually  immediate.  Krpnlien,  in  1899,  drew 
attention  to  the  fact  that  the  intact  cerebrum  may  be  bodily  blown  out  of 
the  skull.  At  medium  and  long  ranges,  if  the  bullet  strikes  perpendicu- 
larly to  the  surface,  the  apertures  of  entrance  and  exit  are  usually  circular 
and  clean-cut  ;  if  it  strikes  obli(iuely,  the  entrance  wound  is  oval,  with 
short  thread-like  fissures  radiating  from  it,  and  the  exit  wound  is  larger 
and  more  irregular,  and  jDortions  of  bone  may  be  driven  outwards.  In 
either  case  the  inner  table  is  more  widely  shattered  at  the  aperture  of 
entrance,  and  the  outer  table  at  that  of  exit. 

In  all  varieties  of  fracture  there  are  marked  symptoms  of  brain  injury, 
usually  referable  to  the  areas  traversed  by  the  bullet. 

Cerebral  abscess  and  hernia  cerebri  are  the  most  common  complications 
of  gun-shot  fractures.  . 

Even  in  the  absence  of  brain  symptoms,  all  cases  in  which  there  is 
evidence  of  actual  fracture  of  the  skull  require  operation  to  admit  of 
the  wounds  being  purified  and  to  permit  of  depressed  fragments  of  bone 
beinf'  elevated  or  loose  fragments  removed.  Foreign  bodies  lodged  in 
the  brain  should  be  removed  if  easy  of  access,  but  prolonged  searclmig 
for  them  is  not  permissible.  The  experience  of  the  South  African  \\  ar 
showed  that  the  results  of  these  operations  are  on  the  whole  eminently 

satisfactory.  4.1  j.  ■ 

Spine.— From  the  records  of  the  same  war  it  would  appear  tliat  m^ 
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considerable  number  of  cases  in  whicli  the  vertebr:e  were  injured  by 
small-bore  bullets,  even  although  the  bony  walls  of  the  spinal  canal  had 
not  been  fractured  or  depressed,  and  no  extra-dural  or  intra-meduliary 
hfemorrhaae  had  occurred,  the  spinal  cord  in  the  vicinity  was  degenerated 
into  a  '-'custard-like  material"  incapable  of  any  conducting  power 
(Makins).  According  to  Stevenson,  this  "must  have  been  due  to  the 
vibratory  concussion  communicated  to  it  by  the  passage  ot  the  bullet  at 
a  hidi  rate  of  velocity."'  The  imi)ortance  of  this  observation  lies  m  the 
fact  "that  in  such  cases  no  benefit  can  follow  operative  interference. 

The  cord  may  be  partly  or  completely  cut  across  by  a  bullet ;  and 
extra-dural  and  intra-medullary  htemorrhage  may  accompany  injuries  to 
the  bones.  These  lesions,  as  well  as  gun-shot  fractures  ot  the  vertebra3, 
present  the  same  clinical  features  and  call  for  the  same  treatment  as 
similar  injuries  produced  in  other  ways  (vol.  ii.  chap.  vi.). 

ChG?,i.—Non-2]enctrating  wounds  are  often  accompanied  by  fractures 
of  ribs,  sternum,  or  shoulder  girdle,  and  as  the  projectile  is  frequently 
lodged  in  the  tissues,  sepsis  is  liable  to  ensue.  External  hfemorrhage  is 
uncommon,  but,  even  although  the  lung  is  not  directly  injured,  htemop- 
tysis  is  often  jiresent. 

In  iKnctratiiuj  wounds  it  is  often  impossible  to  distinguish  between 
the  apertures  of  entrance  and  exit,  and,  even  when  the  missile  has 
passed  through  the  lung,  there  is  seldom  any  external  hajmorrhage.  la 
most  cases  these  wounds  run  an  aseptic  course,  and  they  are  seldom 
complicated  by  pleurisy  or  pneumonia.  The  symptoms  most  frequently 
present  are  :  a  variable  and  often  remarkably  slight  degree  of  shock, 
some  cyanosis  and  dyspncea,  slight  and  transient  pain,  and  increased 
rapidity  of  pulse-rate.  Hjemoptysis  is  seldom  a  prominent  symptom. 
Hemothorax  is  the  most  serious  complication  ;  it  is  frequently  accom- 
panied by  a  slight  degree  of  pneumothorax,  and  is  usually  attended 
with  a  rise  of  temperature  even  when  aseptic.  These  lesions  and  their 
complications  are  treated  on  the  same  lines  as  when  due  to  other  forms 
of  injury  (vol.  ii.  chap.  xx.).  The  removal  of  bullets  and  other  foreign 
bodies  lodged  in  the  cavity  of  the  thorax  is  only  to  be  attempted  when 
they  are  causing  symptoms  and  can  be  accurately  localised  by  the  X-rays. 

Wounds  of  the  heart  or  pericardium  are  usually  rapidly  fatal,  but 
recovery  has  taken  place  in  cases  in  which  there  was  every  reason  to 
believe  that  the  heart  had  been  perforated. 

Wounds  of  the  Abdomen. — Recent  experience  lias  demonstrated  that 
small-bore  bullets  usually  produce  comparatively  slight  disturbance 
even  when  they  i)erforate  hollow  as  well  as  solid  viscera  ;  and  that  for 
such  injuries  the  results  of  surgical  interference  are  extremely  dis- 
appointing. In  the  South  African  War  a  very  large  percentage  of 
perforating  abdominal  wounds  recovered  without  ojjeration — a  result 
which  is  attributed  to  the  fact  that  modern  bullets  make  very  minute 
punctures  in  the  intestine.  As  the  peristalsis  is  arrested  by  the  shock 
of  the  injury,  nothing  escapes,  especially  if  the  patient  is  not  subjected 
to  movement  for  some  hours,  and  if,  as  is  usually  the  case  in  active 
warfare,  he  has  been  fasting  for  some  time  before  being  wounded.  The 
punctures  in  the  gut  have  therefore  time  to  become  occluded  by  peri- 
toneal adhesions  before  the  intestinal  contents  pass  along  the  injured 
segment. 

The  passage  of  a  small-bore  bullet  through  a  solid  visciis — such  as 
the  liver,  spleen,  pancreas,  or  kidney — produces  comjiaratively  little 
laceration  ;  lience  there  is  little  or  no  bleeding,  and  few  symptoms  of  any 
moment  ensue. 
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Operations  performed  on  the  field  are  contra-indicated  in  abioniinal 
injuries,  as  they  are  calculated  to  ])revent  the  formation  of  the  adhesions 
whicli  naturally  close  the  perforations,  or  to  break  down  such  as  have 
occurred. 

Shell  Wounds  and  Wounds  produced  by  Explosions. — It 

is  convenient  to  consider  togetiier  the  effects  of  the  bursting  of 
shells  fired  from  heavy  ordnance  in  •warfare,  and  those  resulting 
in  the  course  of  blasting  operations  from  the  discharge  of 
dynamite  or  other  explosives,  or  from  the  bursting  of  steam 
boilers  or  pipes,  the  breaking  of  machinery,  and  similar  accidents 
met  with  in  civil  practice. 

Two  types  of  shell  are  used  by  artillery  :  the  common  shell, 
which  consists  of  a  hollow  metal  cylinder  containing  a  bursting 
charge  of  powder,  discharged  either  by  a  time-fuse  or  by  impact ; 
and  Shrapnel  shell,  the  cavity  of  which  contains  several  hundred 
large  round  bullets,  which  are  dispersed  by  the  bursting  of  the 
shell,  this  being  timed  to  take  place  from  50  to  100  yards  in 
front  of  the  enemy.  The  destructive  effect  is  produced  by  the 
fragments  into  which  the  shell  bursts,  together  with,  in  the 
case  of  Shrapnel  the  shower  of  bullets  thus  set  free. 

Wounds  inflicted  by  shell  fragments  and  Shrapnel  bullets 
tend  to  be  extensive  in  area,  but  they  do  not  penetrate  deeply, 
and  they  show  great  contusion,  laceration,  and  destruction  of 
the  tissues  implicated.  Owing  to  their  comparatively  low 
velocity,  the  missiles  frequently  lodge  in  the  tissues.  Shell 
wounds  are  attended  with  a  considerable  degree  of  shock.  On 
account  of  the  wide  area  of  contusion  which  surrounds  the 
actual  wound  produced  by  shell  fragments,  amputation,  when 
called  for,  should  be  performed  some  distance  above  the  torn 
tissues,  and  the  prognosis  in  all  cases  should  be  guarded,  as 
there  is  considerable  risk  of  sloughing  of  the  flaps.  Unlike 
the  wounds  produced  by  small-bore  bullets,  those  resulting 
from  shell  fragments  comparatively  seldom  run  an  aseptic 
course. 

Wounds  produced  by  dynamite  explosions,  the  bursting  of 
boilers,  and  the  breaking  of  machinery  have  the  same  general 
characters  as  shell  wounds.  Fragments  of  stone,  coal,  or 
metal  may  lodge  in  the  tissues,  and  if  infected  cause  septic 
complications. 

All  such  injuries  are  to  be  treated  on  the  general  principles 
governing  contused  and  lacerated  wounds. 

Foreign  Bodies  embedded  in  the  Tissues. — Foreign  bodies 
may  enter  and  lodge  in  the  tissues  accidentally,  or  they  may  be 
intentionally  placed  there  in  the  course  of  an  operation.  In 
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gan-shot  and  punctured  wounds,  for  example,  it  is  not  un- 
common for  bullets,  fragments  of  clothing,  portions  of  knife- 
blades  or  spikes,  to  lodge  in  the  wound  ;  and  needles,  splinters 
of  wood,  and  other  sharp  objects  frequently  pierce  the  skin, 
and  remain  embedded  in  the  deeper  jDarts.  As  a  result  of 
explosions,  also,  particles  of  carbon,  in  the  form  of  coal-dust 
or  gunpowder  or  portions  of  shale,  may  lodge  in  a  wound  or  in 
the  adjacent  skin. 

The  foreign  substances  most  frequently  left  in  a  wound  in 
the  course  of  an  operation  are  portions  of  catgut,  silk,  or  linen 
thread  used  as  ligatures  or  sutures ;  silver  wire,  aluminium  or 
steel  plates  or  ivory  pegs  used  to  secure  bones  which  have  been 
divided  or  fractured ;  and  solid  paraffin  introduced  to  correct 
deformities. 

Irrespective  of  its  mode  of  entrance,  the  foreign  body  at 
first  acts  as  an  irritant,  and  induces  a  reaction  in  the  tissues 
in  which  it  lodges,  in  the  form  of  hypersemia,  local  leucocytosis, 
proliferation  of  fibroblasts,  and  the  formation  of  granulation 
tissue.  The  subsequent  changes  depend  upon  whether  or  not 
the  wound  is  infected  with  pyogenic  bacteria.  If  it  is  so 
infected,  suppuration  ensues,  a  sinus  forms,  and  persists  until 
the  foreign  body  is  either  cast  out  or  removed. 

If  the  wound  is  aseptic,  the  fate  of  the  foreign  body  varies 
with  its  character.  Substances  that  are  absorbable,  such  as 
catgut  or  fine  silk,  are  surrounded  and  jjermeated  by  the  phago- 
cytes, which  soften  and  disintegrate  them,  the  debris  being 
gradually  absorbed,  in  very  much  the  same  manner  as  a 
fibrinous  exudate.  Minute  bodies  that  are  not  capable  of 
being  absorbed,  such  as  particles  of  carbon,  or  of  pigment  used 
in  tattooing,  are  taken  up  by  the  phagocytes,  and  in  course  of 
time  removed.  Larger  bodies,  such  as  needles  or  bullets,  which 
are  not  capable  of  being  destroyed  by  the  phagocytes,  become 
encapsulated.  In  the  granulation  tissue  by  which  they  are 
surrounded  large  multi-nuclear  giant-cells  appear  [foreirjn-hody 
riiant-eells),  and  attach  themselves  to  the  foreign  body,  the 
fibroblasts  proliferate,  and  a  capsule  of  scar  tissue  is  eventually 
;  formed  around  the  body.  The  tissues  of  the  capsule  may 
show  evidence  of  iron  pigmentation.  Sometimes  fiuid  accunui- 
lates  around  a  foreign  body  within  its  capsule,  constituting 
a  cyst.  When  a  foreign  body  lodges  in  a  space,  such  as  a 
jomt  or  bursa,  or  in  non-vascular  tissue,  no  capsule  forms 
round  it. 

Substances  like  paraffin,  strand.s  of  silk  used  to  bridge  a  gap 
in  a  tendon,  or  portions  of  calcined  bone,  instead  of  bein^ 
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encapsulated,  are  gradually  perrueated  and  eventually  replaced 
by  new  connective  tissue. 

Embedded  bodies  may  remain  in  the  tissues  for  an  indefinite 
period  without  giving  rise  to  inconvenience.  At  any  time, 
however,  they  may  cause  trouble,  either  as  a  result  of  septic 
complications,  or  by  inducing  the  formation  of  a  mass  of  inflam- 
matory tissue  around  them,  which  may  simulate  a  gumma, 
a  tuberculous  focus,  or  a  sarcoma.  This  latter  condition  may 
give  rise  to  difficulties  in  diagnosis,  particularly  if  there  is  no 
history  forthcoming  of  the  entrance  of  the  foreign  body.  In 
such  cases  the  X-rays  will  reveal  the  presence  of  the  foreign 
body  if  it  is  sufficiently  opaque  to  cast  a  shadow.  The  heavy, 
lead-containing  varieties  of  glass  throw  very  definite  shadows 
little  inferior  in  sharpness  and  definition  to  those  of  metal ; 
almost  all  the  ordinary  forms  of  commercial  glass  also  may  be 
shown  up  with  the  ordinary  application  of  the  X-rays. 

The  question  of  removal  of  the  foreign  body  must  be  decided 
according  to  the  conditions  present  in  individual  cases. 

BuoNS  AND  Scalds 

A  burn  results  from  the  action  of  dry  heat  on  the  tissues  of 
the  body;  and  a  scald  from  the  action  of  moist  heat.  This 
distinction,  however,  has  no  clinical  importance. 

Burns  are  most  frequently  produced  by  flames — as,  for 
example,  when  a  child's  clothes  catch  fire ;  by  gas,  paraffin,  or 
gunpowder  explosions;  or  by  contact  with  molten  metal  or  hot 
solids.  Electricity  and  the  Eontgen  rays  also  produce  lesions 
of  the  nature  of  burns.  Scalding  is  usually  due  to  contact  with 
boiling  fluids,  or  to  the  escape  of  steam  in  boiler  explosions. 
In  young  and  debilitated  subjects  hot  poultices  may  produce 
similar  injuries. 

It  is  an  interesting  fact  that  in  old  people  with  enfeebled 
circulation  mere  exposure  to  a  strong  fire  may  produce  severe 
degrees  of  burning,  the  clothes  covering  the  part  being  un- 
injured. This  may  also  occur  about  the  feet,  legs,  or  knees 
of  persons  Avho  have  fallen  asleep  before  the  fire  while  in- 
toxicated. 

The  damage  done  to  the  tissues  by  strong  caustics,  such  as 
fuming  nitric  acid,  sulphuric  acid,  caustic  potash,  nitrafe  of 
silver,  or  arsenical  paste,  presents  pathological  and  clinical 
features  almost  identical  Avith  those  resulting  from  heat. 

Pathology  of  7i2i/-«.s.— Much  discussion  has  taken  place 
regarding  the  explanation  of  the  rapidly  fatal  issue  in  extensive 
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superficial  bums.  On  post-mortem  examination  the  lesions 
found  in  these  cases  are:  (1)  general  hypersemia  of  all  the 
organs  of  the  abdominal,  thoracic,  and  cerebro-spinal  cavities  ; 
(2)  marked  leucocytosis,  with  destruction  of  red  corpuscles, 
setting  free  hsemoglobin  which  lodges  in  the  epithelial  cells  of 
the  tubules  of  the  kidneys  ;  (3)  minute  thrombi  and  extravasa- 
tions throughout  the  tissues  of  the  body ;  (4)  degeneration  of 
the  ganglion  cells  of  the  solar  j)lexus  ;  (5)  oedema  and  degenera- 
tion of  the  lymphoid  tissue  throughout  the  body ;  (6)  cloudy 
swelling  of  the  liver  and  kidneys,  and  softening  and  enlarge- 
ment of  the  spleen.  Bardeen  suggests  that  these  morbid 
phenomena  correspond  so  closely  to  those  met  with  where  the 
presence  of  a  toxin  is  known  to  produce  them,  that  in  all 
probability  death  is  similarly  due  to  the  action  of  some  poison, 
the  source  and  nature  of  which  are  as  yet  unknown. 

Clinical  Features. — Local  Phenomena. — The  most  generally 
accepted  classification  of  burns  is  that  of  Dupuytren,  which  is 
based  upon  the  depth  of  the  lesion.  Six  degrees  are  thus 
recognised:  (1)  hypersemia  or  erythema;  (2)  vesication;  (3) 
partial  destruction  of  the  true  skin;  (4)  total' destruction  of 
the  true  skin ;  (5)  charring  of  muscles ;  (6)  charring  of 
bones. 

It  must  be  observed,  however,  that  burns  met  with  at  the 
bedside  always  illustrate  more  than  one  of  these  degrees,  the 
deeper  forms  always  being  associated  with  those  less  deep, 
and  the  clinical  picture  is  made  up  of  the  combined  characters 
of  all.  A  burn  is  classified  in  terms  of  its  most  severe  portion. 
It  is  also  to  be  remarked  that  the  extent  and  severity  of  a 
burn  usually  prove  to  be  greater  than  at  first  sight  appears. 

Burns  of  the  First  Degree  are  associated  with  erythema  of  the 
skin,  due  to  hypersemia  of  its  blood-vessels,  and  result  from 
scorching  by  flame,  from  contact  with  solids  or  fluids  below 
212"  r.,  or  from  exposure  to  the  sun's  rays.  They  are  charac- 
terised clinically  by  acute  pain,  redness,  transitory  swelling 
from  cedema,  and  subsequent  desquamation  of  the  surface  layers 
of  the  epidermis. 

Burns  of  Second  Degree — Vesication  of  the  Skin. — These  are 
characterised  by  the  occurrence  of  vesicles  or  blisters  which 
are  scattered  over  the  hypersemic  area,  and  contain  a  clear 
yellowish  or  brownish  fluid.  On  removing  the  raised  epidermis, 
the  congested  and  highly  sensitive  papilla3  of  the  skin  are 
exposed.  Unna  has  found  that  pyogenic  bacteria  are  invariably 
present  in  these  blisters.  Burns  of  the  second  degree  leave  no 
permanent  scar  but  frequently  a  persistent  discoloration.  In 
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rare  instances  the  burned  area  becomes  the  seat  of  a  peculiar 
overgrowth  of  fibrous  tissue,  known  as  keloid. 

Burns  of  Third  Degree — Partial  Destruction  of  the  True 
Skin. — The  epidermis  and  papillae  are  destroyed  in  patches, 
leaving  hard,  dry,  and  insensitive  sloughs  of  a  yellow  or 
black  colour.  The  pain  in  these  burns  is  intense,  but  passes 
off  during  the  first  or  second  day,  to  return  again,  however, 
when,  about  the  end  of  a  week,  the  sloughs  separate 
and  expose  the  nerve  filaments  of  the  underlying  skin. 
Granulations  spring  up  to  fill  the  gap,  and  are  rapidly  covered 
by  epithelium,  derived  partly  from  the  margins  and  partly  from 
the  remains  of  skin  glands  which  have  not  been  completely 
destroyed.  These  latter  appear  on  the  surface  of  the  granula- 
tions as  small  bluish  islets  which  gradually  increase  in  size, 
become  of  a  greyish-white  colour,  and  ultimately  blend  with  one 
another,  and  Avith  the  edges.  The  resulting  cicatrix  may  be 
slightly  depressed,  but  otherwise  exhibits  little  tendency  to 
contract  and  cause  deformity. 

Burns  of  Fourth  Degree — Total  Destruction  of  the  True 
Skin. — These  follow  the  prolonged  application  of  any  form  of 
intense  heat.  Large,  black,  dry  eschars  are  formed,  surrounded 
by  a  zone  of  intense  congestion.  Pain  is  less  severe,  and  is 
referred  to  the  parts  that  have  been  burned  to  a  less  degree. 
Septic  infection  is  very  liable  to  result  and  to  lead  to  wide 
destruction  of  the  surrounding  skin.  The  amount  of  granula- 
tion tissue  necessary  to  fill  the  gap  is  therefore  great ;  and  as 
the  epithelial  covering  can  only  be  derived  from  the  margins — 
the  skin  glands  being  completely  destroyed — the  healing  pro- 
cess is  slow.  The  resulting  scars  are  irregular,  deep  and 
puckered,  and  show  a  great  tendency  to  contract.  Keloid 
frequently  develops  in  such  cicatrices.  "When  situated  in  the 
Tegion  of  the  face,  neck,  or  flexures  of  joints,  much  deformity 
and  impairment  of  function  may  result  (Fig.  61). 

In  burns  of  the  ffth  degree  the  lesion  extends  through  the 
subcutaneous  tissue  and  involves  the  muscles  ;  while  in  those 
of  the  sixth  degree  it  passes  still  more  deeply  and  implicates  the 
bones.  These  burns  are  comparatively  limited  in  area,  as  they 
are  usually  produced  by  prolonged  contact  with  hot  metal  or 
caustics.  Burns  of  the  fifth  and  sixth  degrees  are  sometimes 
met  with  in  epileptics  who  fall  into  the  fire  during  a  fit. 
Large  blood-vessels,  nervo-trunks,  joints,  or  serous  cavities  may 
be  implicated. 

General  Phenomena. — It  is  customary  to  divide  the  clinical 
history  of  a  severe  burn  into  three  periods  ;  but  it  is  to  be 
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observed  that  the  features  characteristic  of  the  periods  have 
been  greatly  modified  since  burns  have  been  treated  on  the 
same  lines  as  other  wounds. 

The  avst  period  lasts  for  from  thirty-six  to  forty-eight  hours 
durino-  Which  time  the  patient  remains  in  a  more  or  less  profound 
state  °of  shock,  and  there  is  a  remarkable  absence  of  pam. 
When  shock  is  absent  or  little  marked,  however,  the  amount 
of  suffering  may  be  very  great.  When  the  injury  proves  fatal 
during  this  period,  death  is  due  to  shock,  probably  aggi-avated 
by  tlie  absorption  of  poisonous  substances  produced  in  the 
burned  tissues.  In  fatal  cases  there  is 
often  evidence  of  cerebral  congestion  and 
oedema. 

The  second  period  begins  when  the  shock 
passes  off,  and  lasts  till  the  sloughs  separate. 
The  outstanding  features  of  this  period 
are  fever,  the  temperature  rising  to  102°, 


Fig.  61. — Cicatricial  Contraction  following 
Severe  Burn. 


103,°  or  104°  F. ;  and  congestive  or  inflammatory  conditions 
of  internal  organs,  giving  rise  to  such  clinical  complications  as 
bronchitis,  broncho-pneumonia,  or  pleurisy — especially  in  burns 
of  the  thorax  ;  or  meningitis  and  cej^fewtis,-  when  the  neck  or 
head  is  the  seat  of  the  burn.  Intestinal  catarrh  associated  with 
diarrhoea  is  not  uncommon ;  and  ulceration  of  the  duodenum 
leading  to  perforation  has  been  met  with  in  a  few  cases.  These 
phenomena  are  much  more  prominent  when  septic  infection 
has  taken  place,  and  it  seems-  probable  that  they  are  all  to  be 
attributed  to  the  infection,  as  they  have  become  less  frequent 
and  less  severe  since  burns  have  been  treated  on  antiseptic 
principles.  Albuminuria  is  a  fairly  constant  symptom  in  severe 
burns,  and  is  probably  due  to  congestion  of  the  kidneys.  In 
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burns  implicating  the  face,  neck,  mouth,  or  pharynx,  oedema 
of  the  glottis  is  a  dangerous  complication,  entailing  as  it  does 
the  risk  of  suffocation. 

The  third  period  begins  when  the  sloughs  separate,  usually 
between  the  seventh  and  fourteenth  days,  and  lasts  till  the 
wound  heals,  its  duration  depending  upon  the  size,  depth,  and 
asepticity  of  the  raw  area.  The  chief  causes  of  death  during 
this  period  are  septic  absorption  in  any  of  its  f orms  j  waxy 
disease  of  the  liver,  kidneys,  or  intestine ;  less  commonly 
erysipelas,  tetanus,  or  other  diseases  due  to  infection  by 
specific  ol'ganisms.  It  is  stated  that  duodenal  ulcers  have 
sometimes  perforated  and  caused  death  during  the  third 
period. 

Th.Q  prognosis  in  burns  depends  on  (1)  the  superficial  extent, 
.and,  to  a  much  less  degree,  the  depth  of  the  injury.  When 
more  than  one- third  of  the  entire  surface  of  the  body  is  involved, 
even  in,a  mild  degree,  the  prognosis  is  grave.  (2)  The  situation 
of  the  burn  is  important.  Burns  over  the  serous  cavities — 
abdomen,  thorax,  or  skull — are,  other  things  being  equal,  much 
more  dangerous  than  burns  of  the  limbs.  The  risk  of  oedema  of 
the  glottis  in  burns  about  the  neck  and  mouth  has  already  been 
referred  to.  (3)  Children  are  more  liable  to  succumb  to  shock 
during  the  early  periods,  but  withstand  prolonged  suppuration 
better  than  adults.  (4)  When  the  patient  survives  the  shock, 
the  presence  or  absence  of  sepsis  is  the  all-important  factor  in 
prognosis. 

Treatment. — The  general  treatment  consists  in  combating 
the  shock  (p.  262).  When  pain  is  severe,  morphin  must  be 
injected. 

Local  Treatment. — After  the  shock  has  passed  off,  the  local 
treatment  must  be  carried  out  on  antiseptic  lines,  a  general 
ansesthetic  being  administered,  if  necessary,  to  enable  the 
purification  to  be  carried  out  thoroughly.  After  carefully 
removing  the  clothing,  the  whole  of  the  burned  area  is 
gently,  but  thoroughly,  washed  with  a  mild  antiseptic  lotion, 
such  as  warm  boracic  or  biniodide  of  mercury,  followed  by  steril- 
ised saline  solution.  As  pyogenic  bacteria  are  invariably  found 
in  the  blisters  of  burns,  these  must  be  opened  and  the  raised 
epithelium  removed. 

The  dressings  subsequently  applied  should  meet  the  following 
indications :  the  relief  of  pain ;  the  prevention  of  sepsis ;  and 
■  the  promotion  of  cicatrisation. 

The  application  which  most  satisfactorily  fulfils  these  require- 
ments is  picric  acid,  which  is  applied  to  the  surface  as  a  watery 
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solution— made  up  of  picric  acid,  li  drams ;  absolute  alcohol, 
3  ounces ;  distilled  water,  40  ounces. 

Pads  of  lint  or  gauze  are  lightly  wrung  out  of  the  solution 
and  applied  over  the  whole  of  the  reddened  area.  These  are 
covered  with  antiseptic  wool,  ivUliout  any  waterproof  covering, 
and  retained  in  position  by  a  many-tailed  bandage.  The  in- 
jured part  should  be  kept  at  rest  by  a  splint  or  other  suitable 
appliance.  The  dressing  should  be  changed  once  or  twice  a 
week,  any  portion  of  the  original  dressing  which  remains  per- 
fectly dry  being  left  undisturbed.  The  value  of  a  general 
anjesthetic  in  dressing  extensive  burns,  especially  in  children, 
•can  scarcely  be  overestimated. 

Picric  acid  yields  its  best  results  in  the  more  superficial  burns, 
and  it.  is  useful  as  a  primary  dressing  in  all.  As  soon  as  the 
sloughs  separate  and  a  granulating  surface  forms,  the  ordinary 
treatment  for  a  healing  sore  is  instituted.  Any  slough  under 
which  pus  has  collected  should  be  cut  away  with  scissors  to 
permit  of  free  drainage. 

An  alternative  method  of  treating  extensive  burns  is  by 
immersing  the  part,  or  even  the  whole  body  when  the  trunk  is 
affected,  in  a  bath  of  boracic  lotion  kept  at  the  body  tempera- 
ture, the  lotion  being  frequently  renewed. 

When  a  burn  is  already  septic  when  first  seen  by  the  surgeon, 
it  is  to  be  treated  on  the  same  principles  as  govern  the  treatment 
of  other  infected  wounds. 

All  moist  or  greasy  applications,  such  as  Carron  oil,  carbolic  oil 
and  ointments,  and  all  substances  like  collodion  and  dry  powders, 
which  retain  discharges,  entirely  fail  to  meet  the  indications  for 
the  rational  treatment  of  burns,  and  should  be  abandoned. 

Skin-grafting  is  of  great  value  in  hastening  healing  after 
extensive  burns,  and  in  preventing  cicatricial  contraction.  The 
deformities  which  are  so  liable  to  develop  from  contraction  of 
the  cicatrices  resulting  from  burns  are  treated  on  the  general 
principles  governing  plastic  operations.  In  the  region  of  the 
face,  neck,  and  flexures  of  joints  (Fig.  61),  where  they  are 
most  marked,  the  contracted  bands  may  be  divided  and  the  parts 
stretched,  the  raw  surface  left  being  covered  by  Thiersch  grafts 
or  by  flaps  of  skin  raised  from  adjacent  surfaces  and  glided  or 
twisted  into  position. 

Injuries  produced  by  Electricity 

Lesions  of  the  nature  of  burns  result  from  the  action  of 
•electricity  on  the  tissues.    They  differ  sufficiently  from  ordi- 
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nary  burns  to  merit  separate  description,  and  may  be  considered 
under  the  headings  of  (1)  injuries  produced  by  exposure  to  the 
Rontgen  rays,  (2)  electrical  burns,  and  (3)  lightning-stroke. 

Injuries  produced  by  Exposure  to  the  Eontgen  Rays. — It 
would  appear  that  these  injuries  only  follow  exposure  to  electric 
discharges  emanating  from  a  Crooke's  tube ;  that  the  patient 
experiences  no  sensation  of  electric  shock  or  of  heat ;  and  that 
prolonged  or  repeated  exposure  is  usually  necessary  to  their 
production.  Owing  to  the  systematic  use  of  shields,  the  shorter 
exposures  employed,  and  the  improved  technique  generally, 
these  injuries  are  now  comparatively  rare. 

Two  distinct  varieties  of  X-ray  burn  are  recognised — an 
erythematous  form,  resembling  a  superficial  burn ;  and  an 
ulcerative  and  sloughing  form,  corresponding  to  a  burn  of  the 
third  or  fourth  degree. 

The  erythematous  form — described  as  X-ray  dermatitis — is 
usually  met  with  on  the  back  of  the  hands  and  fingers  of  those 
who  work  with  the  Rontgen  apparatus,  but  occasionally  occurs 
in  patients  who  have  been  subjected  to  the  rays  for  diagnostic 
or  therapeutic  purposes.  The  first  symptom  is  the  appearance 
of  a  red  patch  on  the  skin,  attended  with  itching,  but  devoid 
of  pain.  This  seldom  appears  sooner  than  two  or  three  weeks 
after  the  exposure.  The  skin  becomes  dry,  tends  to  crack,  and 
finally  desquamates  ;  the  hairs  are  lost ;  the  nails  become  brittle  ; 
and  the  sense  of  touch  is  sometimes  impaired.  The  condition 
is  very  persistent,  and  usually  lasts  for  several  months.  It 
disappears  spontaneously,  but  it  is  liable  to  recur  if  the  parts 
are  again  exposed  to  the  influence  of  the  rays,  and  may  in 
course  of  time  be  followed  by  the  development  of  X-ray  cancer. 
In  some  cases  the  only  effect  of  the  rays  is  to  destroy  the  hair  on 
the  exposed  part ;  it  may  begin  to  grow  again  in  a  few  weeks, 
or  the  loPS  may  be  permanent. 

The  ulcerative  form  is  met  with  in  patients  subjected  to  the 
rays  for  a  prolonged  period,  and  usually  begins  within  a  week 
of  the  exposure,  although  in  some  cases  the  first  signs  have 
been  delayed  for  two  or  three  weeks.  The  onset  is  marked  by 
redness  of  the  skin  and  slight  pain.  In  a  few  days  a  blister 
containing  sero-purulent  fluid  rises,  and  after  bursting  leaves  a 
raw  surface  which  is  extremely  painful.  A  slough  slowly  forms 
and  gradually  increases  in  size,  spreading  through  the  deep 
fascia  and  exposing  the  muscle.  The  prominent  features  of 
this  form  are  the  extreme  slowness  with  which  the  sloughs 
separate,— the  process  sometimes  occupying  several  months,— 
and  the  severity  of  the  pain,  which  usually  calls  for  the  admini- 
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I  stratiou  of  ojaiates.    The  raw  surface  left  after  the  separation 

of  the  slough  is  very  slow  to  heal,  and  during  the  process  fresh 

patches  of  necrosis  may  appear. 

The  treatment  is  carried  out  on  the  same  lines  as  in  other 

forms  of  burns.  Recovery  may  be  hastened  by  excising  the 
:  slough  and  applying  Thiersch  grafts  over  the  raw  area,  Avhen 
I  this  is  practicable. 

Electrical  burns  usually  occur  in  those .  who  are  engaged  in 

industrial  undertakings  where  powerful  electrical  currents  are 

employed. 

The  lesions — which  vary  from  a  slight  superficial  scorching 
to  complete  charring  of  parts — are  most  evident  at  the  points 
of  entrance  and  exit  of  the  current,  the  intervening  tissues 
apiwently  escaping  injury. 

The  more  superficial  degrees  of  electrical  burns  differ  from 
those  produced  by  heat  in  being  almost  painless,  and  in  healing 
very  slowly,  although  as  a  rule  they  remain  dry  and  aseptic. 

The  more  severe  forms  are  attended  with  a  considerable 
degree  of  shock,  which  is  not  only  more  profound,  but  also  lasts 
much  longer  than  the  shock  in  an  ordinary  burn  of  correspond- 
ing severity.  The  parts  at  the  point  of  entrance  of  the  current 
are  charred  to  a  greater  or  less  depth.  The  eschar  is  at  first 
dry  and  crisp,  and  is  surrounded  by  a  zone  of  pallor.  For  the 
first  thirty-six  to  forty-eight  hours  there  is  comparatively  little 
suS'ering,  but  at  the  end  of  that  time  the  parts  become  exceed- 
ingly painful.  In  a  majority  of  cases,  in  spite  of  careful 
purification,  a  slow  form  of  moist  gangrene  sets  in,  and  the 
slough  spreads  both  in  area  and  in  depth,  until  the  muscles  and 
often  the  large  blood-vessels  and  nerves  are  exposed.  A  line  of 
demarcation  eventually  forms,  but  the  sloughs  are  exceedingly 
slow  to  separate,  taking  from  three  to  five  times  as  long  as  in 
an  ordinary  burn,  and  during  the  process  of  separation  there  is 
considerable  risk  of  secondary  hasmorrhage  from  erosion  of 
large  vessels. 

.  Treatment. — Electrical  burns  are  treated  on  the  same  lines  as 
ordinary  burns,  by  thorough  purification  and  the  application  of 
dry  dressings,  with  a  view  to  avoiding  the  onset  of  moist 
gangrene.  After  granulations  have  formed,  skin-grafting  is  of 
great  value  in  hastening  healing. 

Lightning-stroke. — In  a  large  proportion  of  cases  lightning- 
stroke  proves  instantly  fatal.  In  non-fatal  cases  the  patient 
sufi^ers  from  a  profound  degree  of  shock,  and  there  may  or  may 
not  be  any  external  evidence  of  injury.  In  the  mildest  cases 
red  spots  or  wheals— closely  resembling  those  of  urticaria— may 
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appear  on  the  body,  but  they  usually  fade  again  in  the  course 
of  twenty-four  hours.  Sometimes  large  patches  of  skin  are 
scorched  or  stained,  the  discoloured  area  showing  a  markedly 
arborescent  appearance.  In  other  cases  the  injured  skin  becomes 
dry  and  glazed,  resembling  parchment.  Appearances  are  occa- 
sionally met  with  corresponding  to  those  of  a  superficial  burn 
produced  by  heat.  The  chief  difference  from  ordinary  burns  is 
the  extreme  slowness  with  which  healing  takes  place.  Localised 
paralysis  of  groups  of  muscles,  or  even  of  a  whole  limb,  may 
follow  any  degree  of  lightning-stroke.  Treatment  is  mainly 
directed  towards  combating  the  shock,  the  surface  lesions  being 
treated  on  the  same  lines  as  ordinary  bin-ns. 


CHAPTER  XIII 


C0NSTITUTI02^AL  EFFECTS  OF  INJURIES 

Syxcope  —  Shock  —  Collapse— Delirium  in  Suegical  Patiekts  : 
Delirium  in  general;  Delirium  Tremens ;  Traumatic  Delirium — 
Fat  Embolism.— Traumatic  Asphyxia. 

Syncope,  Shock,  and  Collapse 

Syncope,  shock,  and  collapse  are  clinical  conditions  which, 
although  depending  on  different  causes,  hear  a  superficial  resem- 
hlance  to  one  another.  Syncope  is  essentially  due  to  a  sudden 
cerebral  anaemia ;  shock  to  a  reflex  paralysis  of  the  vaso-motor 
centre  in  the  medulla ;  and  collapse  to  abstraction  of  fluids 
from  the  tissues  and  the  blood. 

Syncope  or  Fainting.— Syncope  is  the  result  of  a  suddenly 
produced  angemia  of  the  brain  from  temporary  weakening  or 
arrest  of  the  heart's  action.  In  surgical  practice,  this  condition 
is  usually  observed  in  nervous  persons  who  have  been  subjected 
to  pain,  as  in  the  reduction  of  a  dislocation  or  the  incision  of 
a  whitlow ;  or  in  those  who  have  rapidly  lost  a  considerable 
quantity  of  blood.  It  may  also  follow  the  sudden  withdrawal  of 
fluid  from  a  large  cavity,  as  in  tapping  an  abdomen  for  ascites,  or 
Tvithdrawmg  fluid  from  the  pleural  cavity.  Syncope  sometimes 
occurs  also  during  the  administration  of  chloroform,  especially 
if  there  is  a  tendency  to  sickness  and  the  patient  is  not  com- 
pletely under.  During  an  operation  the  onset  of  syncope  is 
ot ten  recognised  by  the  cessation  of  oozing  from  the  divided 
vessels  before  the  general  symptoms  become  manifest. 

Clinical  Features.— -When  a  person  is  about  to  faint  he  feels 
giclcly,  has  surging  sounds  in  the  ears,  and  haziness  of  vision  • 
iie  yawns,  becomes  pale  and  sick,  and  a  free  flow  of  saliva  takes 
place  into  the  mouth.  The  pupils  dilate;  the  pulse  becomes 
small  and  almost  imperceptible ;  the  respirations  shallow  and 
a  hpnn^  consciousness  gradually  fades  away,  and  he  falls  in 
a  neap  on  the  floor. 
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Sometimes  vomiting  ensues  before  the  patient  completely 
loses  consciousness,  and  the  muscular  exertion  entailed  may 
ward  off  the  actual  faint.  This  is  frequently  seen  in  threatened 
syncopal  attacks  during  chloroform  administration. 

Kecovery  begins  in  a  few  seconds,  the  patient  sighing  or 
gasping,  or,  it  may  be,  vomiting;  the  strength  of  the  pulse 
gradually  increases,  and  consciousness  slowly  returns.  In  some 
cases,  however,  syncope  is  fatal. 

Treatment. — The  head  should  at  once  be  lowered — in  imita- 
tion of  nature's  method — to  encourage  the  flow  of  blood  to  the 
brain,  the  patient,  if  necessary,  being  held  up  by  the  heels. 
All  tight  clothing,  especially  round  the  neck  or  chest,  must  be 
loosened.  The  heart  may  be  stimulated  reflexly  by  dashing 
cold  water  over  the  face  or  chest,  or  by  rubbing  the  face  vigor- 
ously with  a  rough  towel.  The  application  of  volatile  sul> 
stances,  such  as  ammonia  or  smelling-salts,  to  the  nose ;  the 
administration  by  the  mouth  of  sal-volatile,  whisky  or  brandy, 
and  the  intra-muscular  injection  of  ether,  are  the  most  speedily 
efficacious  remedies.  In  severe  cases  the  application  of  hot 
cloths  over  the  heart,  or  of  the  faradic  current  over  the 
line  of  the  phrenic  nerve,  just  above  the  clavicle,  may  be 
called  for. 

Surgical  Shock. — This  term  is  applied  to  a  condition  m 
which  there  is  a  profound  lowering  of  the  vital  activity,  result- 
ing from  inhibition  or  exhaustion  of  the  vaso-motor  mechanism, 
and  associated  with  marked  lowering  of  the  blood  pressure.  _ 

The  most  important  factor  in  the  production  of  sm-gical 
shock  is  mechanical  injury,  as  a  result  of  which  powerful 
afferent  impulses  pass  to  the  central  nervous  system,  and  the 
more  highly  the  injured  part  is  endowed  with  sensory  nerves 
the  more  marked  is  the  shock.  A  crush  of  the  hand,  for 
example,  is  attended  with  a  more  intense  degree  of  shock  than 
a  correspondingly  severe  crush  of  the  foot ;  and  injuries  of  such 
specially  innervated  parts  as  the  testis,  the  urethra,  the  face,  the 
spinal  cord,  or  the  brain,  are  associated  with  severe  degrees,  as 
are  also  those  of  parts  innervated  from  the  sympathetic  system, 
such  as  the  abdominal  or  thoracic  viscera. 

Among  the  factors  which  contribute  to  produce  shock,  or 
to  intensify  it,  are  loss  of  blood,  exposure  to  cold,  pain,  and 
septic  intoxication.  Disease  of  the  kidneys  or  of  the  heart  and 
blood-vessels,  and  the  cachexia  associated  with  malignant 
disease,  are  predisposing  causes.  The  aged  frequently  manifest 
but  few  signs  of  shock,  but  have  a  correspondingly  feeble 
power  of  recovery ;  and  while  many  young  children  suiier  little, 
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even  after  severe  operations,  others  with  much  less  cause 
succumb  to  the  shock. 

Intense  mental  emotion,  with  or  without  mechanical  injury, 
may  be  followed  by  shock,  and  persons  with  a  highly  strung 
nervous  system  are  more  prone  to  suffer  than  those  of  a  more 
phlegmatic  temperament. 

When  the  injured  person's  mind  is  absorbed  with  other 
matters  than  his  own  condition, — as,  for  example,  during  the 
heat  of  a  battle  or  in  the  excitement  of  a  railway  accident  or 
a  conflagration, — even  severe  injuries  may  be  unattended  by 
pain  or  shock  at  the  time,  although  when  the  period  of  excite- 
ment is  over  the  severity  of  the  shock  is  all  the  greater.  The 
same  thing  is  observed  in  persons  injured  while  under  the 
influence  of  alcohol. 

The  explanation  of  shock  usually  accepted,  largely  on  the 
authority  of  Crile  and  Mummery,  is  that  the  paralysis  or  ex- 
haustion of  the  A'aso-motor  centre  in  the  medulla  results  in  a 
lessening  of  the  vascular  tone,  particularly  that  of  the  arteries, 
and  a  marked  fall  in  the  blood  pressure.  Most  of  the  blood 
leaves  the  arteries  and  collects  in  the  large  venous  trunks, 
especially  those  of  the  abdomen,  and  there  is  thus  produced 
an. anaemia  of  the  brain  and  of  the  sujDerficial  parts  of  the  body. 
At  the  same  time  the  right  side  of  the  heart  becomes  overloaded, 
and  impeded  in  its  action.  According  to  J.  D.  Malcolm,  the 
disturbance  of  the  vaso-motor  centre  results,  not  in  dilatation, 
hut  in  contraction  of  the  arteries.  At  first  the  superficial 
vessels  are  constricted,  and,  if  the  exciting  cause  is  kept  up, 
:  this  condition  spreads  back  to  the  larger  vessels,  so  that  the 
blood  is  driven  out  into  the  tissues  and  back  into  the  abdominal 
veins. 

Clinical  Features. — The  patient  is  in  a  state  of  great  pros- 
tration. He  is  roused  from  his  condition  of  indiflerence  with 
difficulty,  but  answers  questions  intelligently,  if  only  in  a 
whisper.  The  face  is  pale,  beads  of  sweat  stand  out  on  the 
brow,  the  features  are  drawn,  the  eyes  sunken,  and  the  cheeks 
hollow.  The  lips  and  ears  are  pallid;  the  sldn  of  the  body 
of  a  greyish  colour,  cold,  and  clammy.  The  pulse  is  rapid, 
fluttering,  and  often  all  but  imperceptible  at  the  wrist;  the 
respiration  is  irregular,  shallow,  and  sighing ;  and  the  tempera- 
ture may  fall  to  96°  F.  or  even  lower.  The  mouth  is  parched, 
and  the  patient  complains  of  thirst.  There  is  little  sensibility 
to  pain,  and  for  purposes  of  operation  very  little  ansesthetic  is 
required  to  render  the  patient  unconscious. 

Except  in  very  severe- cases,  shock  tends  towards  recovery 
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within  a  few  hours,  the  reaction,  as  it  is  called,  being  often 
ushered  in  by  vomiting.  The  colour  improves;  the  pulse 
becomes  full  and  bounding ;  the  respiration  deeper  and  more 
regular;  the  temperature  rises  to  100°  F.  or  higher;  and  the 
patient  begins  to  take  notice  of  his  surroundings. 

In  certain  cases  the  symptoms  of  shock  so  closely  resemble 
those  resulting  from  septic  intoxication,  that  it  is  difficult,  if  not 
impossible  to  distinguish  between  them,  and  there  can  be 
little  doubt  that  many  deaths  have  been  attributed  to  shock 
which  were  really  due  to  acute  septicaemia.  The  conditions 
formerly  known  as  "  delayed  shock "  and  "  prostration  with 
excitement "  are  now  generally  recognised  to  be  due  to  septic 
poisoning. 

Question  of  Ojjerating  during  Shock. — Most  authorities  agree 
that  operations  should  only  be  undertaken  during  profound 
shock  when  they  are  imperatively  demanded  for  the  arrest  of 
haemorrhage,  the  prevention  of  septic  infection  of  serous  cavities, 
or  for  the  relief  of  pain  which  is  producing  or  intensifying  the 
condition. 

Prevention  of  Operation  Shock. — In  the  preparation  of  a 
patient  for  operation,  drastic  purgation  and  prolonged  fasting 
must  be  avoided,  and  about  half  an  hour  before  a  prolonged 
and  severe  operation  a  pint  of  saline  solution  should  be  slowly 
introduced  into  the  rectum;  and  this  is  repeated,  if  necessary, 
during  the  operation,  and  at  its  conclusion.  The  operating- 
room  must  be  warm — not  less  than  70°  F. — ^and  the  patient 
should  be  wrapped  in  cotton  wool  and  blankets,  and  surrounded 
by  hot-bottles.  All  lotions  used  must  be  warm  (100°  F.)  :  and 
the  operation  should  be  completed  as  speedily  and  as  blood- 
lessly  as  possible.  With  a  view  to  preventing  the  passage  of 
exciting  afferent  impulses,  Crile  advocates  "  blocking  "  of  the 
nerves,  by  the  injection  of  a  1  per  cent,  solution  of  novocaine 
into  their  substance  on  the  proximal  side  of  the  field  of 
operation.  In  selecting  an  antesthetic,  it  may  be  borne  in  mind 
that  chloroform  lowers  the  blood  pressure  more  than  ether 
does,  and  that  with  spinal  anaesthesia  there  is  no  lowering  of 
the  blood  pressure. 

Treatment. — A  patient  suffering  from  shock  should  be  placed 
in  the  recumbent  position,  with  the  foot  of  the  bed  raised  to 
facilitate  the  return  circulation  in  the  large  veins,  and  so  to 
increase  the  flow  of  blood  to  the  brain.  His  bed  should  be 
placed  near  a  large  fire,  and  the  patient  himself  surrounded 
by  cotton  wool  and  blankets  and  hot-bottles.  If  he  has  lost 
much  blood,  the  limbs  should  be  wrapped  in  cotton  wool 
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and  firmly  bandaged  from  below  upwards,  to  conserve  as  much 
of  the  cu-culatmg  blood  as  possible  iu  the  trunk  and  head.  As 
soon  as  he  has  been  put  to  bed,  about  a  pint  of  saline  solution 
should  be  introduced  into  the  rectum,  and  ten  to  fifteen 
minims  of  adrenalin  chloride  (1  in  1000)  may  with  advantage 
be  added  to  the  fluid.  The  injection  should  be  repeated  every 
two  hours  until  the  circulation  is  sufficiently  restored.  Kecent 
investigations  seem  to  indicate  that  such  cardiac  stimulants  as 
strychnm,  digitalin,  or  strophanthin  are  contra-indicated  in 
shock,  as  they  merely  exhaust  the  already  impaired  vaso-motor 
centre. 

Artificial  respiration  may  be  useful  in  tiding  a  patient  over 
the  critical  period  of  shock,  especially  at  the  end  of  a  severe 
operation. 

The  introduction  of  saline  solution  at  a  temperature  of  about 
105°  F.  into  a  vein  or  into  the  subcutaneous  tissue  is  most 
useful  where  much  blood  has  been  lost  (p.  285).  Two  or  three 
pints  may  be  injected  into  the  veins,  or  smaller  quantities  under 
the  skin. 

The  extreme  thirst  of  which  the  patient  so  often  complains 
is  best  met  by  giving  small  quantities  of  warm  water  by  the 
mouth,  or  by  the  introduction  of  saline  solution  into  the  rectum. 
Ice  only  relieves  thirst  for  a  short  time,  and  as  it  is  liable  to 
induce  flatulence  should  be  avoided,  especially  in  abdominal 
cases.  Dryness  of  the  tongue  may  be  relieved  by  swabbing 
the  mouth  with  a  mixture  of  glycerin  and  lemon  juice. 

If  severe  pain  calls  for  the  use  of  morphin,  x^o^^^  grain  of 
atropin  should  be  added,  or  heroin  alone  may  be  given  in  doses 
of  -jVth  grain. 

Collapse  is  a  clinical  condition  which  comes  on  more  in- 
sidiously than  shock,  and  which  does  not  attain  its  maximum 
degree  of  severity  for  several  hours.  It  is  met  with  in  the 
course  of  severe  illnesses,  especially  such  as  are  associated  with 
the  loss  of  large  quantities  of  fluid  from  the  body — for  example, 
by  severe  diarrhoea,  notably  in  Asiatic  cholera ;  by  persistent 
vomiting;  or  by  profuse  sweating,  as  in  some  cases  of  heat- 
stroke. Severe  degrees  of  collapse  follow  any  sudden  and 
profuse  loss  of  blood. 

Collapse  often  follows  upon  shock — -for  example,  in  intestinal 
perforations,  or  after  abdominal  operations  complicated  by 
peritonitis,  especially  if  there  is  vomiting,  as  in  cases  of 
obstruction  high  up  in  the  intestine.  The  symptoms  of  collapse 
are  aggravated  if  septic  absorption  is  superadded  to  the  loss  of 
fluid. 
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The  clinical  features  of '  this  condition  are  practically  the 
same  as  those  of  shock ;  and  it  is  treated  on  the  same  lines. 

Delirium  in  Surgical  Patients 

Delirium  is  a  temporary  disturbance  of  mind  which  occurs  in 
the  course  of  certain  diseases,  and  sometimes  after  injuries.  It 
is  to  be  looked  upon  as  a  serinus  and  dangerous  complication. 

The  causes  of  delirium  in  surgical  patients  are  numerous, 
and  it  is  not  always  easy  in  a  given  case  to  discover  the  cause. 
Thus,  for  example,  it  may  be  associated  with  any  of  the  acute 
pyogenic  infections ;  with  erysipelas,  especially  when  it  affects 
the  head  or  face ;  or  with  chronic  septic  diseases  of  the  urinary 
organs.  In  the  various  forms  of  meningitis  also,  and  in  some 
cases  of  injury  to  the  head,  it  is  common ;  and  it  is  sometimes 
met  with  after  severe  hsemorrhage,  and  in  cases  of  poisoning  by 
such  drugs  as  iodoform,  cocain,  or  alcohol.  Delirium  may 
also,  of  course,  be  a  symptom  of  insanity. 

Often  there  is  merely  incoherent  muttering  regarding  past 
incidents  or  occupations,  or  about  absent  friends ;  or  the 
condition  may  assume  the  form  of  excitement,  of  dementia,  or 
of  melancholia;  and  the  symptoms  are  usually  worst  during 
the  night. 

Delirium  Tremens  is  seen  in  persons  addicted  to  alcohol, 
who,  as  a  result  of  accident  or  operation,  are  suddenly  compelled 
to  lie  in  bed  for  some  time.  Although  oftenest  met  with  in 
habitual  drunkards  or  chronic  tipplers,  it  is  by  no  means  un- 
common in  moderate  drinkers,  and  has  even  been  seen  in 
children. 

Clinical  Features.— The  delirium,  which  has  been  aptly 
described  as  being  of  a  "  busy  "  character,  usually  first  manifests 
itself  within  a  few  days  of  the  patient  being  laid  up.  For  two 
or  three  days  he  refuses  food,  is  depressed,  suspicious,  sleepless 
and  restless,  desiring  to  be  allowed  out  of  bed.  Then  he 
begins  to  mutter  incoherently,  to  pull  off  the  bed-clothes,  and 
to  attempt  to  get  out  of  bed.  There  is  general  muscular  tremor, 
most  marked  in  the  tongue,  the  lips,  and  the  hands.  The 
patient  imagines  that  he  sees  all  sorts  of  horrible  beings  around 
him,  and  is  sometimes  greatly  distressed  because  of  rats,  mice, 
beetles,  or  snakes  which  he  fancies  are  crawling  over  him. 
The  pulse  is  soft,  rapid,  and  compressible ;  the  temperature  is 
only  moderately  raised  (100-101°  F.),  and  as  a  rule  there  is 
profuse  sweating.  The  digestion  is  markedly  impaired,  and 
there   is   often   vomiting.    Patients  in   this   condition  are 
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peculiarly  insusceptible  to  paiu,  and  may  even  walk  about  Avith 
a  fractured  leg  without  apparent  discomfort. 

In  niost  cases  the  symptoms  begin  to  pass  off  in  three  or  four 
days ;  the  patient  sleeps,  the  hallucinations  and  tremors  cease, 
and  he  gradually  recovers.  In  other  cases  the  temperature  rises, 
the  pulse  becomes  very  rapid,  and  death  results  from  exhaustion. 

The  main  indication  in  treatment  is  to  secure  sleep,  and  this 
is  done  by  the  administration  of  bromides,  chloral,  or  paralde- 
hyde, or  of  one  or  other  of  the  drugs  of  which  sulphonal,  trional, 
;  and  veronal  are  examples.    Heroin  in  doses  of  from  ^Jjth  to 
I  JLth  grain  is  often  of  great  service.    Morphin  must  be  used 
'  with  great  caution.    In  some  cases  hyoscin        grain)  injected 
hypodermically  is  found   efficacious  when  all   other  means 
have  failed,  but  this  drug  must  be  used  with  great  discrimina- 
tion.   The  patient  must  be  encouraged  to  take  plenty  of  easily 
digested  fluid  food,  supplemented,  if  necessary,  by  nutrient 
enemata  and  saline  infusions. 

In  the  early  stage  a  brisk  mercurial  purge  is  often  of  value. 
Alcohol  should  be  withheld,  unless  failing  of  the  pulse  strongly 
indicates  its  use,  and  then  it  should  be  given  in  the  food. 

A  delirious  patient  must  be  constantly  watched  by  a  trained 
attendant  or  other  competent  person,  lest  he  get  out  of  bed 
and  do  harm  to  himself  or  others.  Mechanical  restraint  is 
often  necessary,  but  must  be  avoided  if  possible,  as  it  is  apt  to 
1  increase  the  excitement  and  exhaust  the  patient.  On  account 
of  the  extreme  restlessness,  there  is  often  great  difficulty  in 
carrying  out  the  proper  treatment  of  the  primary  surgical 
condition,  and  considerable  modifications  in  splints  and  other 
appliances  are  often  rendered  necessaiy. 

A  form  of  delirium,  sometimes  spoken  of  as  Traumatic 
Delirium,  may  follow  on  severe  injuries  or  operations  in  persons 
of  neurotic  temperament,  or  in  those  whose  nervous  system  is 
exhausted  by  overwork.  It  is  met  with  apart  from  alcoholic 
intemperance.  This  form  of  delirium  seems  to  be  specially 
prone  to  ensue  on  operations  on  the  face,  the  thyroid  gland,  or 
the  genito-urinary  organs.  The  symptoms  appear  in  from  two 
to  five  days  after  the  operation,  and  take  the  form  of  restless- 
ness, sleeplessness,  low  incoherent  muttering,  and  picking  at  the 
bed-clothes.  It  is  not  necessarily  attended  by  fever  or  by 
muscular  tremors.  The  patient  may  show  hysterical  symptoms. 
This  condition  is  probably  to  be  regarded  as  a  form  of  insanity, 
as  it  is  liable  to  merge  into  mania  or  melancholia. 

The  treatment  is  carried  out  on  the  same  lines  as  that  of 
delirium  tremens. 
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Fat  Embolism. — After  various  injuries  and  operations, 
but  especially  such  as  implicate  the  marrow  of  long  bones — for 
example,  comminuted  fractures,  osteotomies,  resections  of  joints, 
or  the  forcible  correction  of  deformities — fluid  fat  may  enter 
the  circulation  in  variable  quantity.  In  the  vast  majority  of 
cases  no  ill  effects  follow,  but  when  the  quantity  is  large  or 
when  the  absorption  is  long  continued  certain  symptoms  ensue, 
either  immediately,  or  more  frequently  not  for  two  or  three 
days.    These  are  mostly  referable  to  the  lungs  and  brain. 

In  th.e  lung  the  fat  collects  in  the  minute  blood-vessels 
and  produces  venous  congestion  and  cedema,  and  sometimes 
pneumonia.  Dyspnoea,  with  cyanosis,  a  persistent  cough  and 
frothy  or  blood-stained  sputum,  a  feeble  pulse  and  low  tempera- 
ture, are  the  chief  symptoms. 

When  the  fat  lodges  in  the  capillaries  of  the  brain,  the  pulse 
becomes  small,  rapid,  and  irregular,  delirium  followed  by  coma 
ensues,  and  the  condition  is  usi;ally  rapidly  fatal. 

Fat  is  usually  to  be  detected  in  the  urine,  even  in  mild 
cases. 

The  treatment  consists  in  tiding  the  patient  over  the  acute 
stage  of  his  illness,  until  the  fat  is  eliminated  from  the  blood- 
vessels. 

Traumatic  Asphyxia  or  Traumatic  Cyanosis. — This  term 
has  been  applied  to  a  condition  which,  results  when  the  thorax 
is  so  forcibly  compressed  that  respiration  is  mechanically 
arrested  for  several  minutes.  It  has  occurred  from  the  patient 
being  crushed  in  a  struggling  crowd,  or  under  a  fall  of  masonry, 
and  in  machinery  accidents.  When  the  patient  is  released, 
the  face  and  the  neck  as  low  down  as  the  level  of  the  clavicles 
present  an  intense  discoloration,  varying  from  deep  purple  to 
blue-black.  The  affected  area  is  very  sharply  defined,  and  on 
close  inspection  the  appearance  is  found  to  be  due  to  the 
presence  of  countless  minute  reddish-blue  or  black  spots,  with 
small  areas  or  streaks  of  normal  skin  between  them.  The 
punctate  nature  of  the  discoloration  is  best  recognised  towards 
the  periphery  of  the  afi"ected  area — at  the  junction  of  the  brow 
with  the  hairy  scalp,  and  where  the  dark  patch  meets  the 
normal  skin  of  the  chest  (Beach  and  Cobb).  Pressure  ovor 
the  skin  does  not  cause  the  colour  to  disappear  as  in  ordinary 
cyanosis.  It  has  been  shown  by  AVright  of  Boston,  that  the 
discoloration  is  due  to  stasis  from  mechanical  over-distension 
of  the  veins  and  capillaries,  and  actual  extravasation  into  the 
tissues  is  exceptional.  The  sharply  defined  distribution  of  the 
discoloration  is  attributed   to  the  absence  of  functionating 
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valves  in  the  veins  of  the  head  and  neck,  so  that  when  the 
increased  intra-thoracic  pressure  is  transmitted  to  these  veins 
they  become  engorged.  Under  the  conjunctivae  there  are 
extravasations  of  bright  red  blood ;  and  sublingual  haematoma 
has  been  observed  (Beatson). 

The  discoloration  begins  to  fade  within  a  few  hours,  and 


Fill.  62. — Trauiiuttio  Asphyxia. 
(From  a  photograph  lent  by  Sir  George  T.  Beatson.) 

after  the  second  or  third  day  it  rapidly  disappears,  without 
showing  any  of  the  chromatic  changes  which  characterise  the 
disappearance  of  a  bruise.  The  sub-con junctival  ecohymosis, 
however,  persists  for  several  weeks  and  disappears  like  other 
extravasations.  Apart  from  combating  the  shock,  or  dealing 
with  concomitant  injuries,  no  treatment  is  called  for. 
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THE  BLOOD-VESSELS 

Anatomy — Injuries  of  Arteries  :  Varieties — Injuries  of  Veins  : 
Air  Embolism — Repair  of  Blood-vessels  and  natural  arrest  of 
hremorrliage— HiEMORRHAGE  :  Varieties;  Prevention;  ^rresil— Con- 
stitutional effects  of  hismorrhage  —  HEeniopliilia  —  Diseases  of 
Beood-vessels  :  Thrombosis;  Embolism  —  Arteritis:  Varieties: 
Atheroma  —  Thrombo-phlebitis  —  Phlebitis  :  Varieties  —  Varix  — 
Angiomata — Nrevus  :  Varieties;  Electrolysis — Cirsoid  Aneinysm 
— Aneurysm:  Varieties;  Methods  of  Treatment — Aneurysms"  of 
Individual  Arteries. 

Surgical  Anatomy. — An  artery  has  three  coats  :  an  internal  coat — the 
tunica  intima — made  up  of  a  single  layer  of  endothelial  cells  lining  the 
lumen  ;  outside  of  this  a  layer  of  delicate  connective  tissue  ;  and  still 
farther  out  a  dense  tissue  composed  of  longitudinally  arranged  elastic 
fibres — the  internal  elastic  lamina.  The  tunica  intima  is  easily  ruptured. 
The  middle  coat,  or  tunica,  media,  consists  of  non-sti-ipjied  muscular  fibres, 
arranged  for  the  most  part  concentrically  round  the  vessel.  In  this  coat 
also  there  is  a  considerable  proportion  of  elastic  tissue,  esjiecially  in  the 
larger  vessels.  The  thickness  of  the  vessel  wall  depends  chiefly  on 
the  development  of  the  muscular  coat.  The  external  coat,  or  txmico 
adveniitia,  is  composed  of  fibrous  tissue,  containing,  especially  in  vessel.- 
of  medium  calibre,  some  yellow  elastic  fibres  in  its  deeper  laj^ers.  . 

In  most  parts  of  the  body  the  arteries  lie  in  a  sheath  of  connectivi' 
tissue,  from  which  fine  fibrous  processes  pass  to  the  tunica  adventitia. 
The  connection,  however,  is  not  a  close  one,  and  the  artery  wheu  divided 
transversely  is  capable  of  retracting  for  a  considerable  distance  within 
its  sheath.  In  some  of  the  larger  arteries  the  sheath  assumes  the  form 
of  a  definite  membrane. 

The  arteries  are  nourished  by  small  vessels — the  vnsa  rasorum — which 
ramify  chiefly  in  the  outer  coat.  They  are  also  well  supplied  with  nerves, 
which  regulate  the  size  of  the  lumen  by  inducing  contraction  or  relaxation 
of  the  muscular  coat. 

The  veins  are  constructed  on  the  same  general  plan  as  the  arteries, 
the  individual  coats,  however,  being  thinner.  The  inner  coat  is  less 
easily  ruptured,  and  the  middle  coat  contains  a  smaller  projiortion  of 
muscular  tissue.  In  one  important  point  veins  difl'er  structurally  frou 
arteries — namelj',  in  being  provided  with  valves  which  ])revent  reflux  ol 
the  blood.  These  valves  are  com])osed  of  semilunar  folds  of  the  twuUa 
intima  strengthened  by  an  addition  of  connective  tissue.  Each  valve 
usually  consists  of  two  semilunar  flaps  attached  to  opposite  sides  of 
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the  vessel  wall,  each  flap  having  a  small  sinus  on  its  cardiac  side.  The 
i  distension  of  these  sinuses  with  blood  closes  the  valve  and  prevents 
i  re"ur"itation.  Valves  are  absent  from  the  superior  and  inferior  vena; 
i  cava? ,°  the  portal  vein  and  its  tributaries,  the  hejiatic,  renal,  uterme, 

and  spermatic  veins,  and  from  the  veins  in  the  lower  part  of  the  rectum. 
'  They  are  ill-developed  or  absent  also  in  the  iliac  and  common  femoral 

veins— a  fact  which  has  an  important  bearing  on  the  production  of 

varis  in  the  veins  of  the  lower  extremity. 
The  wall  of  capillaries  consists  of  a  single  layer  of  endothelial  cells. 

Injuries  of  Arteries 

The  following  description  of  the  injuries  of  arteries  refers 
entirely  to  the  larger,  named  trunks.    The  injuries  of  smaller, 
I  unnamed  vessels  are  included  in  the  consideration  of  contusions 
and  wounds. 

The  injuries  to  which  the  larger  arteries  are  liable  are  : 
contusion,  subcutaneous  rupture,  laceration  with  an  open 
wound,  and  punctured,  incised,  and  gun-shot  wounds. 

Contusion. — An  artery  may  be  contused  by  a  blow  or  crush, 
or  by  the  oblique  impact  of  a  bullet.  The  bruising  of  the 
vessel  wall,  especially  if  atheroma  is  present,  may  result  in  the 
formation  of  a  thrombus  which  occludes  the  lumen  temporarily 
or  even  permanently,  and  in  rare  cases  may  lead  to  gangrene  of 
the  limb  beyond. 

Subcutaneous  Eupture. — An  artery  may  be  ruptured  sub- 
cutaneously  by  a  blow  or  crush,  or  by  a  displaced  fragment  of 
bone.  This  injury  has  been  produced  also  during  attempts  to 
reduce  dislocations,  especially  those  of  old-  standing  at  the 
shoulder-joint.  It  is  most  liable  to  occur  Avhen  the  vessels 
are  atheromatous.  The  rupture  may  be  incomplete  or 
complete. 

Incomplete  Subcutaneous  Rupture. — In  the  majority  of  cases 
the  rupture  is  incomplete — the  inner  and  middle  coats  being 
torn,  while  the  outer  coat  remains  intact.  The  middle  coat 
contracts  and  retracts,  and  the  internal,  because  of  its  elasticity, 
curls  up  in  the  interior  of  the  vessel,  forming  a  valvular 
obstruction  to  the  blood-flow.  In  most  cases  this  results  in 
the  formation  of  a  thrombus  which  occludes  the  vessel.  In 
some  cases  the  blood  pressure  gradually  distends  the  injured 
segment  of  the  vessel  wall  and  leads  to  the  formation  of  an 
aneurysm. 

The  pulsation  in  the  vessels  beyond  the  seat  of  rupture  is 
almost  always  arrested — for  a  time  at  least — owing  to  the 
occlusion  of  the  vessel,  and  the  limb  becomes  cold  and 
powerless.     The  pulsation  seldom  returns  within  five  or  six 
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weeks  of  the  injury,  if  indeed  it  is  not  permanently  arrested. 
As  a  rule,  however,  a  good  collateral  circulation  is  rapidly 
established,  the  vascularity  soon  being  restored.  If  the 
pulsation  returns  within  a  week  of  the  injury,  the  presump- 
tion is  that  the  occlusion  was  due  to  pressure  from  without  

for  example,  by  haemorrhage  into  the  sheath,  or  the  pressure  of 
a  fragment  of  bone. 

When  an  artery  has  been  occluded  as  a  result  of  contusion 
and  thrombosis,  the  limb  must  be  placed  in  the  most  favourable 
condition  for  the  restoration  of  the  circulation.  The  skin  is 
disinfected  and  the  limb  wrapped  in  cotton  wool  to  conserve 
its  heat,  and  elevated  to  such  an  extent  as  to  promote  the 
venous  return  without  at  the  same  time  unduly  interfering 
with  the  inflow  of  blood.  A  careful  watch  must  be  kept  on 
the  state  of  nutrition  of  the  limb,  lest  gangrene  supervene,  as 
this  necessitates  amputation  at  or  above  the  level  of  the 
obstructed  artery. 

Complete  Subcutaneous  Rupture. — "When  the  rupture  is 
complete,  all  the  coats  of  the  vessel  are  torn  and  the  blood 
escapes  into  the  surrounding  tissues.  If  the  original  injury  is 
attended  with  much  shock,  the  bleeding  may  not  take  place 
until  the  period  of  reaction.  Eupture  of  the  popliteal  artery 
in  association  with  fracture  of  the  femui',  or  of  the  axillary  or 
brachial  artery  with  fracture  of  the  humerus  or  dislocation 
of  the  shoulder,  are  the  most  familiar  examples  of  this  injury. 

Like  incomplete  rupture,  this  lesion  is  accompanied  by  loss 
of  pulsation  and  power,  and  by  coldness  of  the  limb  beyond ;  a 
tense  and  excessively  painful  swelling  rapidly  appears  in  the 
region  of  the  injury,  and,  where  the  cellular  tissue  is  loose, 
may  attain  a  considerable  size.  The  pressure  of  the  effused 
blood  occludes  the  veins  and  leads  to  marked  congestion  and 
oedema  of  the  limb  beyond.  The  interference  with  the  circula- 
tion, and  the  damage  to  the  tissues  of  the  limb,  may  be  so  great 
that  gangrene  ensues. 

If  no  complications  supervene  the  swelling  subsides,  and 
recovery  may  be  complete  in  six  or  eight  weeks.  Even  in 
cases  of  complete  rupture  expectant  treatment  has  in  many 
cases  yielded  satisfactory  results.  If  the  extravasation  is 
great  and  the  skin  threatens  to  give  way,  or  if  the  vitality  of 
the  limb  is  seriously  endangered,  it  is  advisable  to  expose  the 
injured  vessel,  and,  after  clearing  away  the  clots,  to  apply  a 
ligature  above  and  below  the  rupture.  If  gangrene  ensues, 
amputation  must  be  performed. 

Open  Wounds  of  Arteries — Laceration. — Laceration  of  large 
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arteries  is  a  common  complication  of  severe  machinery  and 
railway  accidents.  The  violence  being  usually  of  a  tearing, 
twisting,  or  crushing  nature,  such  injuries  are  seldom 
associated  with  much  haemorrhage,  as  torn  or  crushed  vessels 
quickly  become  occluded  by  contraction  and  retraction  of 
their  coats  and  by  the  formation  of  a  clot.  A  whole  limb 
even  may  be  completely  avulsed  from  the  body  with  com- 
paratively little  loss  of  blood.  The  risk  in  such  cases  is 
secondary  haemorrhage  resulting  from  septic  infection. 

The  treatment  is  that  applicable  to  all  infected  wounds, 
with,  in  addition,  the  ligation  of  the  lacerated  vessels. 

Punctured  wounds  of  blood-vessels  may  result  from  stabs, 
or  they  may  be  accidentally  inflicted  in  the  course  of  an 
operation. 

The  division  of  the  coats  of  the  vessel  being  incomplete, 
the  natural  htemostasis  that  results  from  curling  up  of  the 
intima  and  contraction  of  the  media  fails  to  take  place,  and 
bleeding  goes  on  into  the  surrounding  tissues,  and  on  the 
surface.  If  the  sheath  of  the  vessel  is  not  widely  damaged, 
the  gradually  increasing  tension  of  the  extravasated  blood 
retained  within  it  may  ultimately  arrest  the  haemorrhage. 
A  clot  then  forms  between  the  lips  of  the  wound  in  the  vessel 
wall  and  projects  for  a  short  distance  into  the  lumen,  without, 
however,  materially  interfering  with  the  flow  through  the 
vessel.  The  organisation  of  this  clot  may  result  in  the  healing 
of  the  wound  in  the  vessel  wall. 

In  other  cases  the  blood  escapes  beyond  the  sheath  and 
infiltrates  the  surrounding  tissues,  and  an  aneurysm  results. 
Secondary  haemorrhage  may  occur  if  the  wound  becomes 
septic. 

The  treatment  consists  in  enlarging  the  external  wound 
sufficiently  to  enable  it  to  be  purified,  and  to  permit  of  the 
damaged  vessel  being  ligated  above  and  below  the  puncture. 
In  some  cases  it  may  be  possible  to  suture  the  opening  in 
the  vessel  wall.  When  circumstances  prevent  theste  measures 
being  taken,  the  bleeding  may  be  arrested  by  making  firm 
pressure  over  the  wound  with  a  pad,  but  this  procedure  is 
liable  to  be  followed  by  the  formation  of  an  aneurysm. 

Incised  Wounds.— We  here  refer  only  to  such  incised 
wounds  as  partially  divide  the  vessel  wall. 

Longitudinal  incised  wounds  show  little  tendency  to  gape, 
and  are  therefore  not  attended  with  much  bleeding.  They 
usually  heal  rapidly,  but,  like  punctured  wounds,  are  liable 
to  be  followed  by  the  formation  of  an  aneurysm. 
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When,  however,  the  incision  in  the  vessel  wall  is  oblique 
or  transverse,  the  retraction  of  the  muscular  coat  causes  the 
opening  to  gape,  with  the  result  that  there  is  profuse 
haemorrhage,  which,  even  in  comparatively  small  arteries, 
may  prove  dangerous.  When  the  associated  wound  in  the 
soft  parts  is  valvular,  an  aneurysm  may  develop. 

When  a  large  arterial  trunk,  such  as  the  external  iliac,  the 
femoral,  the  common  carotid,  the  brachial,  or  the  popliteal, 
has  been  partly  divided,  for  example  in  the  course  of  an 
operation,  the  opening  should  be  closed  with  sutures — 
artefiorraphy.  The  circulation  being  controlled  by  a  tourni- 
quet, or  the  artery  itself  occluded  by  a  clamp,  fine  silk  or 
catgut  stitches  are  passed  through  the  adventitia  and  media 
after  the  method  of  Lembert,  a  fine,  round  needle  being 
employed.  Part  of  the  sheath  of  the  vessel  or  of  an  adjacent 
fascia  should  be  stitched  over  the  line  of  suture  in  the  vessel 
wall.  If  septic  infection  be  excluded,  there  is  little  risk  of 
thrombosis  or  secondary  haemorrhage ;  and  even  if  thrombosis 
should  develop  at  the  point  of  suture,  the  artery  is  obstructed 
gradually,  and  the  establishment  of  a  collateral  circulation 
takes  place  better  than  in  the  case  of  sudden  ligation.  In  the 
case  of  smaller  trunks,  or  when  suture  is  impracticable,  the 
artery  should  be  tied  above  and  below  the  opening,  and  divided 
between  the  ligatures. 

Gun-shot  wounds  of  blood-vessels  are  described  at  p.  24-5. 

Injuries  op  Veins 

Veins  are  subject  to  the  same  forms  of  injury  as  arteries, 
and  the  results  are  in  most  respects  alike  in  both,  such 
variations  as  occur  being  dependent  partly  on  the  ditference 
in  their  anatomical  structure,  and  partly  on  the  conditions  of 
the  circulation  through  them. 

Subcutaneous  rupture  of  veins  occurs  under  the  same 
conditions  as  the  corresponding  injury  of  arteries,  and  more 
particularly  in  association  with  fractures  and  in  the  reduction 
of  dislocations.  The  veins  most  commonly  ruptured  are  the 
popliteal,  the  axillary,  the  femoral,  and  the  subclavian.  On 
account  of  the  smaller  amount  of  elastic  and  muscular  tissue 
in  a  vein,  the  contraction  and  retraction  of  its  walls  are  less 
than  in  an  artery,  and  so  bleeding  may  continue  for  a  much 
longer  period.  On  the  other  hand,  owing  to  the  lower  blood 
pressure  in  a  vein,  the  outflow  goes  on  more  slowly,  and  the 
gradually  increasing  pressure  produced  by  the  extravasated 
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blood  is  usually  sufficient  to  arrest  the  haemorrhage  before  it 
has  become  serious.  As  an  aid  in  diagnosing  the  source  of 
the  bleeding,  it  should  be  remembered  that  the  rupture  of  a 
vein  does  not  affect  the  pulsation  in  the  limb  beyond.  The 
risks  are  practically  the  same  as  when  an  artery  is  ruptured, 
and  the  treatment  is  carried  out  on  the  same  lines,  but  in 
the  case  of  veins  it  is  seldom  necessary  to  operate  for  the 
purpose  of  applying  a  ligature  to  the  injured  vessel. 

Wounds  of  veins— punctured  and  incised — frequently  occur 
in  the  course  of  operations;  for  example,  in  the  removal 
of  tumours  ox  diseased  glands  from  the  neck,  the  axilla,  or 
the  groin.  They  are  also  met  with  as  a  result  of  accidental 
stabs  and  of  suicidal  or  homicidal  injuries.  The  haemorrhage 
from  a  large  vein  so  damaged  is  usually  profuse,  but,  owing 
to  the  comparatively  low  blood  pressure,  is  more  readily 
controlled  by  external  pressure  than  that  from  an  artery. 
When  a  vein  is  merely  punctured,  the  bleeding  may  be 
arrested  either  by  applying  pressure  with  a  pad  of  gauze,  or 
by  a  lateral  ligature — that  is,  picking  up  the  margins  of  the 
rent  in  the  wall  and  securing  them  with  a  ligature  without 
occluding  the  lumen.  In  the  large  veins,  such  as  the  internal 
jugular,  the  femoral,  or  the  axillary,  it  is  sometimes  possible 
to  suture  the  opening  in  the  wall.  This  does  not  necessarily 
result  in  thrombosis  in  the  vessel,  or  in  obliteration  of  its 
lumen. 

When  an  artery  and  vein  are  simultaneously  wounded,  the 
features  peculiar  to  each  are  present  in  greater  or  less  degree. 
In  the  limbs  the  risk  of  gangrene  is  increased,  and  this  is 
especially  liable  to  ensue  if  the  wound  becomes  infected. 
Punctured  and  gun-shot  wounds  implicating  both  artery  and 
vein,  as  well  as  those  due  to  modern  small-bore  bullets,  are 
liable  to  be  followed  by  the  development  of  arterio-venous 
aneurysm. 

Entrance  of  Air  into  Veins — Air  Embolism. — This  serious, 
though  fortunately  rare,  accident  is  apt  to  occur  in  the  course 
of  operations  in  the  region  of  the  thorax,  neck,  or  axilla,  if  a 
large  vein  is  opened  and  fails  to  collapse  on  account  of  the 
rigidity  of  its  walls,  its  incorporation  in  a  dense  fascia,  or 
from  traction  being  made  upon  it.  If  a  vein  is  thus  held 
open,  the  negative  pressure  during  inspiration  sucks  air  into 
the  right  side  of  the  heart.  This  is  accompanied  by  a 
peculiar  hissing  or  gurgling  sound,  and  with  the  next  expira- 
tion some  frothy  blood  escapes  from  the  woimd  in  the  vessel 
wall.  The  patient  instantly  becomes  pale,  the  pupils  dilate, 
VOL.  I. — 1 8 
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respiration  becomes  laboured,  and  although  the  heart  may 
continue  to  beat  forcibly,  the  peripheral  pulse  is  weak,  and 
may  even  be  imperceptible.  On  auscultating  the  heart,  a 
churning  sound  may  be  heard.  Death  may  result  in  a  few 
minutes ;  or  the  heart  may  slowly  regain  its  power  and 
recovery  take  place. 

These  symptoms  have  been  attributed  (1)  to  the  collection 
of  air  in  the  right  side  of  the  heart,  so  that  the  right  ventricle 
has  no  blood  on  which  to  contract,  and  the  pulmonary  circula- 
tion is  therefore  stopped  ;  (2)  to  the  passage  of  air  into  the 
pulmonary  vessels  interfering  Avith  the  circulation  in  the  lungs, 
and  preventing  the  entrance  of  fresh  blood  into  the  left  side 
of  the  heart ;  and  (3)  to  the  passage  of  air  emboli  to  the 
cerebral  blood-vessels. 

Prevention.- — -In  all  operations  in  the  "  dangerous  area  " — 
as  the  region  of  the  root  of  the  neck  is  called  in  this  con- 
nection— great  care  must  be  taken  not  to  notch  or  cut  across 
any  vein  before  it  has  been  secured  by  forceps,  and  to  apply 
ligatures  securely  and  at  once.  Deep  wounds  in  this  region 
should  be  kept  filled  with  an  aseptic  fluid,  such  as  normal 
salt  solution.  Immediately  a  cut  is  recognised  in  a  vein,  a 
finger  should  be  placed  over  the  vessel  on  the  cardiac  side 
of  the  wound,  and  kept  there  until  the  opening  is  secured  with 
forceps. 

Treatment. — Little  can  be  done  after  the  air  has  actually 
entered  the  vein  beyond  endeavouring  to  keep  up  the  heart's 
action  by  hypodermic  injections  of  ether  or  strychnin,  alco- 
holic enemata,  and  the  application  of  mustard  or  hot  cloths 
over  the  chest.  The  head  at  the  same  time  should  be  lowered 
to  prevent  syncope.  Attempts  to  withdraw  the  air  by  suction, 
and  the  employment  of  artificial  respiration,  have  proved  futile, 
and  are,  by  some,  considered  dangerous. 

Repair  of  Blood-Vessels,  and  the  Natural  Arrest 
op  hemorrhage 

These  processes  are  so  intimately  related  to  one  another  that 
it  is  advisable  to  consider  them  together. 

(a)  When  the  wall  of  an  artery  is  partially  torn,  or 
punctured,  it  may  be  repaired  by  the  clot  which  fornls  in 
the  gap  becoming  organised,  and  subsequently  converted  into 
scar  tissue.  This  cicatrix,  however,  is  liable  subsequently  to 
be  stretched  by  the  blood  pressure  and  to  become  the  starting- 
point  of  an  aneurysm. 
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{b)  When  an  artery  is  completely  divided,  the  circular  fibres 
.of  the  muscular  coat  contract,  so  that  the  lumen  of  the  cut 
ends  is  diminished,  and  at  the  same  time  each  segment 
retracts  within  its  sheath,  in  virtue  of  the  recoil  of  the  elastic 
elements  in  its  walls.  The  tunica  intima  curls  up  in  the 
interior  of  the  vessel,  and  the  tunica  adventitia  collapses 
over  the  cut  ends.  The  blood  that  escapes  from  the  injured 
vessel  fills  the  interstices  of  the  tissues,  and,  coagulating, 
forms  a  clot  which  temporarily  arrests  the  bleeding.  That 
part  of  the  clot  which  lies  between  the  divided  ends  of  the 
vessel  and  in  the  cellular  tissue  outside,  is  known  as  the 
external  clot,  while  the  portion  which  projects  into  the  lumen 
of  the  vessel  is  known  as  the  internal  dot,  and  it  usually 
extends  as  far  as  the  nearest  collateral  branch.  These  pro- 
cesses constitute  what  is  known  as  the  temporary  arrest 
of  hcemon-hage,  which,  it  will  be  observed,  is  effected  by  the 
contraction  and  retraction  of  the  divided  artery  and  by  clottino- 
of  the  blood.  * 

The  permanent  arrest  takes  place  by  the  transformation  of 
the  clot  into  scar  tissue.  The  internal  clot  plays  the  most 
important  part  in  the  process  :  it  becomes  invaded  by  leucocytes 
and  proliferating  endothelial  and  connective-tissue  cells,  and 
new  blood-vessels  permeate  the  mass  forming  granulation  tissue. 
This  is  ultimately  replaced  by  cicatricial  fibrous  tissue,  which 
permanently  occludes  the  end  of  the  vessel.  Concurrently  and 
by  the  same  process  the  external  clot  is  converted  into  scar  tissue. 

In  course  of  time  the  collateral  branches  of  the  vessel  above 
and  below  the  level  of  section  become  enlarged  and  their  inter- 
communication becomes  more  free,  so  that  even  when  lar^e 
trunks  have  been  divided  the  vascular  supply  of  the  paints 
beyond  may  be  completely  restored.  This  is  known  as  the 
aevelopment  of  the  collateral  circulation. 

Repair  of  Ferns.— The  process  of  repair  in  veins  is  the  same 
as  that  m  arteries,  but  the  thrombosed  area  may  become  canalised 
and  the  circulation  through  the  vessel  be  re-established 

Conditions  rvMch  influence  the  Natural  Arrest  of  HcBmorrhaqe 
—it  has  already  been'  mentioned  that  laceration  of  a  blood- 
vessel promotes  the  natural  arrest  of  haemorrhage,  the  twisting 
ot  the  coats  favouring  the  formation  of  clots.  The  occurrence 
red?HrT7^  profound  shock  also  helps  to  stop  bleeding  bv 
reducing  the  force  of  the  heart's  action.  ^  " 

the  -IJnS"  f  conditions  which  retard 

d  vi5e?H  ^  '^''^^  ^«  partly 

clivided,  the  contraction  and  retraction  of  the  musculai-  coat 
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instead  of  diminishing  the  calibre  of  the  artery,  causes  the  wound 
in  the  vessel  to  gape ;  by  completing  the  division  of  the  vessel 
under  these  circumstances  the  bleeding  can  often  be  arrested. 
In  certain  situations,  also,  the  arteries  are  so  intimately  con- 
nected with  their  sheaths,  that  when  cut  across  they  are  unable 
to  retract  and  contract — for  example,  in  the  scalp,  in  the  penis, 
and  in  bones — and  copious  bleeding  may  take  place  from 
comparatively  small  vessels.  This  inability  of  the  vessels  to 
contract  and  retract  occurs  also  in  inflamed  and  cedematous 
parts  and  in  scar  tissue.  Arteries  divided  in  the  substance  of 
a  muscle  also  sometimes  bleed  unduly.  Any  increase  in  the 
force  of  the  heart's  action,  such  as  may  result  from  exertion, 
excitement,  or  over-stimulation,  also  interferes  with  the  natural 
arrest  of  hsemorrhage. 

Lastly,  in  haemophilia  the  deficient  coagulability  of  the  blood 
seriously  interferes  with  the  natural  arrest  of  bleeding,  even  in 
small  vessels. 

(c)  Ligation  of  a  Vessel  in  its  Continuity. — When  a  ligature 
is  applied  to  an  artery  it  should  be  pulled  sufficiently  tight  to 
occlude  the  lumen  without  causing  rupture  of  any  of  its  coats. 
It  often  happens,  however,  that  the  compression  causes  rupture 
of  the  inner  and  middle  coats,  so  that  only  the  adventitia 
remains  in  the  grasp  of  the  ligature.    While  this  weakens  the 
wall  of  the  vessel,  it  has  the  advantage  of  hastening  coagula- 
tion, by  bringing  the  blood  into  contact  with  damaged  tissue. 
Whether  the  inner  and  middle  coats  are  ruptured  or  not,  blood 
coagulates  both  above  and  below  the  ligature,  the  proximal  clot 
being  longer  and  broader  than  that  on  the  distal  side.    In  small 
artenes  these  clots  extend  as  far  as  the  nearest  collateral  branch, 
but  in  the  larger  trunks  their  length  varies.    The  permanent 
occlusion  of  those  portions  of  the  vessel  occupied  by  clot  is 
brought  about  by  the  formation  of  granulation  tissue,  and  its 
replacement  by  cicatricial  tissue,  so  that  the  occluded  segment 
of  the  vessel  is  represented  merely  by  a  fibrous  cord.    In  this 
process  the  coagulum  only  plays  a  passive  role  by  forming  a 
scaffolding  on  which  the  granulations  are  built  up.    The  hga- 
ture  surrounding  the  vessel,  and  the  elements  of  the  clot,  are 
ultimately  absorbed.       •  ^  i  • 

(d)  In  a  vessel  Ugated  at  its  cut  end— as,  for  example,  in 
an  amputation  stump— the  reparative  process  is  the  same  as 
when  it  is  tied  in  its  continuity.  The  ligature  usually  tears 
the  internal  and  middle  coats,  and  so  pulls  the  adventitia 
coat  together.  The  ligature  and  the  small  portion  of  vessel 
beyond  it  are  subsequently  absorbed. 
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HAEMORRHAGE 

Various  terms  are  employed  in  relation  to  haemorrhage, 
according  to  its  seat,  its  origin,  the  time  at  which  it  occurs, 
and  other  circumstances. 

The  term  exiernal  hce-morrhafje  is  employed  when  the  blood 
escapes  directly  to  the  surface ;  when  the  bleeding  takes  place 
into  the  tissues  or  into  a  cavity  it  is  spoken  of  as  internal. 
The  blood  may  infiltrate  the  connective  tissue  of  the  skin  or  of 
deeper  parts,  constituting  an  extravasation  of  blood ;  or  it  may 
collect  in  a  definite  space  or  cavity  and  form  a  ha;matoma. 

The  coughing  up  of  blood  from  the  lungs  is  known  as 
hcemoptysis ;  vomiting  of  blood  from  the  stomach,  as  liasmate- 
mesis ;  the  passage  of  black-coloured  stools  due  to  the  presence 
of  blood  altered  by  digestion,  as  meJivna ;  and  the  passage  of 
bloody  urine,  as  hcematuria. 

Haemorrhage  is  known  as  arterial,  venous,  or  capillary, 
according  to  the  nature  of  the  vessel  from  which  it  takes 
place. 

In  arterial  haemorrhage  the  blood  is  bright  red  in  colour,  and 
escapes  from  the  cardiac  end  of  the  divided  vessel  in  forcible 
jets  synchronously  with  the  systole  of  the  heart.  In  very 
vascular  parts — for  example,  the  face — both  ends  of  a  divided 
artery  bleed  freely.  The  blood  flowing  from  an  artery  may  be 
dark  in  colour  if  the  patient's  respiration  is  impeded.  The  flow 
is  sometimes  continuous  and  not  in  jets,  when  the  heart's  action 
is  weak  and  the  blood  tension  low,  or  when  the  bleeding  takes 
place  into  a  deep  wound  and  not  directly  on  to  the  free  surface. 

Venous  bleeding  is  not  pulsatile,  but  occurs  in  a  continuous 
stream,  which,  although  both  ends  of  the  vessel  may  bleed,  is 
more  copious  from  the  distal  end.  The  blood  is  dark  red 
under  ordinary  conditions,  but  may  be  purplish,  or  even  black, 
if  the  patient  is  becoming  asphyxiated.  When  one  of  the  large 
veins  in  the  neck  is  wounded,  the  effects  of  respiration  produce 
a  rise  and  fall  in  the  stream  which  may  resemble  arterial  pulsa- 
tion. Jjleeding  from  the  cardiac  end  of  a  varicose  vein  may  be 
very  copious. 

In  capillary  haemorrhage,  red  blood  escapes  from  numerous 
points  on  the  surface  of  the  wound  in  a  steady  ooze.  This 
form  of  bleeding  is  often  serious  in  those  who  are  the  subjects 
of  haemophilia. 


In  relation  to  the  time  at  which  it  occurs,  haemorrhage  is 
spoken  of  as  primary,  reactionary,  and  secondary. 
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Primary  hoemorrhage  is  that  which  immediately  follows  a 
wound  of  a  blood-vessel. 

It  is  convenient  to  consider  separately  the  treatment  of  prim- 
ary haemorrhage,  as  it  occurs  (1)  in  the  course  of  a  surgical 
operation,  and  (2)  in  an  accidentally  inflicted  wound. 

Hsemorrhage  in  Surgical  Operations. — The  management  of 
the  htemorrhage  which  accompanies  a  surgical  operation 
includes  (a)  preventive  measures,  and  (b)  the  arrest  of  the 
bleeding. 

Prevention  of  Hsemorrhage. — The  most  convenient  and 
certain  means  of  preventing  hsemorrhage — say  in  an  amputa- 
tion— is  by  the  use  of  some  form  of  tourniquet,  such  as  the 
elastic  tubing  of  Esmarch  or  of  Foulis,  or  an  elastic  bandage, 
or  the  screw  tourniquet  of  Petit.  Before  applying  any  of  these 
it  is  advisable  to  empty  the  limb  of  blood.  This  is  best  done 
after  the  manner  suggested  by  Lister :  the  limb  is  held  vertical 
for  three  or  four  minutes ;  the  veins  are  thus  emptied  by 
gravitation,  and  they  collapse,  and  as  a  physiological  result  of 
this  the  arteries  reflexly  contract,  so  that  the  quantity  of  blood 
entering  the  limb  is  reduced  to  a  minimum.  With  the  limb 
still  elevated  the  tourniquet  is  firmly  applied,  a  part  being 
selected  where  the  vessel  can  be  pressed  directly  against  a 
bone,  and  where  there  is  no  risk  of  exerting  injurious  pressure 
on  important  nerve-trunks.  The  tourniquet  should  be  applied 
over  several  layers  of  gauze  or  lint  to  protect  the  skin,  and 
the  first  turn  of  the  tourniquet  must  be  rapidly  and  tightly 
applied  to  arrest  completely  the  arterial  flow,  otherwise  the 
veins  only  are  obstructed  and  the  limb  becomes  congested.  In 
the  inferior  extremity  the  best  place  to  apply  a  tourniquet 
is  the  lower  third  of  the  thigh ;  in  the  superior  extremity,  in 
the  middle  of  the  upper  arm.  This  "  bloodless  method  "  of 
operating  is  subject  to  the  objection  that,  owing  to  vaso-motor 
paralysis  of  the  smaller  vessels  caused  by  the  pressure  of  the 
tourniquet,  the  oozing  which  takes  place  after  its  removal  is 
often  copious  and  persistent. 

When  a  tourniquet  cannot  conveniently  be  applied,  or  when 
its  presence  interferes  with  the  carrying  out  of  the  operation — 
as,  for  example,  in  amputations  at  the  hip  or  shoulder — the 
h£emorrhage  may  be  controlled  by  preliminary  ligation  of 
the  main  artery  above  the  seat  of  operation — for  instance,  the 
external  iliac  or  the  subclavian.  For  such  contingencies  al?o 
the  steel  skewers  used  by  Syme  and  Spence,  or  a  special  clamp 
or  forceps,  such  as  that  suggested  by  Lynn  Thomas,  may  be 
employed.    In  the  case  of  vessels  which  it  is  undesirable  to 
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-occlude  permanently,  such  as  the  carotids,  the  temporary 
application  of  a  ligature  or  clamp  is  sometimes  most  useful. 

Many  surgeons  rely  for  the  control  of  haemorrhage  upon 
digital  compression  of  the  main  vessel  supplying  the  limb. 
The  amount  of  blood  lost  immediately  may  be  greater  than 
when  a  tourniquet  is  used,  but  the  small  vessels  bleed  much 
less,  so  that  the  total  loss  of  blood  is  probably  about  equal  in 
the  two  methods. 

In  selecting  a  point  at  which  to  apply  digital  compression,  it 
is  essential  that  the  vessel  should  be  lying  over  and  close  to  a 
bone  which  will  furnish  the  necessary  resistance.  The  common 
carotid,  for  example,  is  pressed  backward  and  inward  against 
the  transverse  process  (carotid  tubercle)  of  the  sixth  cervical 
vertebra ;  the  temporal  against  the  zygoma  in  front  of  the  ear  ; 
and  the  facial  against  the  lower  jaw  at  the  anterior  edge  of  the 
masseter  muscle. 

In  the  upper  extremity,  the  subclavian  is  pressed  against  the 
first  rib  by  making  pressure  downwards  and  backwards  in  the 
hollow  above  the  clavicle ;  the  axillary  and  brachial  by  press- 
ing against  the  shaft  of  the  humerus. 

In  the  lower  extremity,  the  common  femoral  is  controlled  by 
pressing  in  a  direction  backward  and  slightly  upward  against 
the  brim  of  the  pelvis,  midway  between  the  symphysis  pubis 
and  the  anterior  superior  iliac  spine. 

The  abdominal  aorta  may  be  compressed  against  the  bodies 
of  the  lumbar  vertebrae  opposite  the  umbilicus,  if  the  spine 
is  arched  well  forwards  over  a  pillow  or  sand-bag,  or  by  the 
method  suggested  by  Macewen,  in  which  the  patient's  spine 
is  arched  forwards  by  allowing  the  lower  extremities  and  pelvis 
to  hang  over  the  end  of  the  table,  while  the  assistant,  standing 
on  a  stool,  applies  his  closed  fist  over  the  abdominal  aorta  and 
compresses  it  against  the  vertebral  column.  Momburg  has 
successfully  employed  an  elastic  cord  wound  round  the  waist 
between  the  iliac  crest  and  the  lower  border  of  the  ribs.  Means 
must  be  taken,  however,  to  prevent  the  sudden  rush  of  blood 
to  the  lower  half  of  the  body  when  the  cord  is  removed  inter- 
fering with  the  heart's  action. 

Arrest  of  Haemorrhage. — Ligature. — This  is  the  best  means 
of  securing  the  larger  vessels.  The  divided  vessel  having  been 
caught  with  forceps  as  near  to  its  cut  end  as  possible,  a  liga- 
ture, preferably  of  some  absorbable  material  such  as  catgut  or 
kangaroo  tendon,  is  tied  round  it.  Pine  silk  may  be  preferred 
on  account  of  the  greater  certainty  with  which  it  can  be 
sterilised.     When  there  is  difficulty  in  applying  a  ligature 
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securely,  for  example,  in  a  dense  tissue  like  the  scalp  or 
periosteum,  or  in  a  friable  tissue  like  the  thyroid  gland  or  the 
mesentery,  a  stitch  should  be  passed  so  as  to  surround  the 
bleeding  vessel  a  short  distance  from  its  end,  in  this  M-ay 
ensuring  a  better  hold  and  preventing  the  ligature  from 
slipping  off. 

If  the  haemorrhage  is  from  a  partly  divided  vessel,  this 
should  be  completely  cut  across  to  enable  its  walls  to  contract 
and  retract,  and  to  facilitate  the  application  of  forceps  and 
ligatures. 

Torsion. — This  method  is  seldom  employed  except  for  com- 
paratively small  vessels,  but  it  is  applicable  to  even  the  largest 
arteries.  In  employing  torsion,  the  end  of  the  vessel  is  caught 
with  forceps,  and  the  terminal  portion  twisted  round  several 
times.  The  object  is  to  tear  the  inner  and  middle  coats  so 
that  they  curl  up  inside  the  lumen,  while  the  outer  fibrous 
coat  is  twisted  into  a  cord  which  occludes  the  end  of  the 
vessel. 

Forci-'pressure. — Bleeding  from  the  smallest  arteries  and  from 
arterioles  can  usually  be  arrested  by  firmly  squeezing  them  for 
a  few  minutes  with  serrated  or  grooved  artery  forceps,  such 
as  those  of  Spencer  Wells,  Kocher,  or  Ochsner.  It  is  usually 
found  that  on  the  removal  of  the  forceps  at  the  end  of  an 
operation  no  further  htemorrhage  takes  jjlace  from  these  vessels. 
By  the  use  of  specially  strong  clamps,  such  as  the  ^ngiotribes 
of  Doyen,  large  trunks  may  be  occluded  by  pressure. 

Cautery. — The  actual  cautery  or  Paquelin's  thermo-cautery  is 
seldom  employed  to  arrest  hasmorrhage,  but  is  frequently  useful 
in  preventing  it,  as,  for  example,  in  the  removal  of  piles,  or  in 
opening  the  bowel  in  colostomy.  It  is  used  at  a  dull-red  heat, 
which  sears  the  divided  ends  of  the  vessel  and  so  occludes 
the  lumen.  A  bright-red  or  a  white  heat  cuts  the  vessel 
across  without  occluding  it.  The  separation  of  the  slough  pro- 
duced by  the  charring  of  the  tissues  is  sometimes  attended  with 
secondary  bleeding,  and  subsequent  cicatricial  contraction  may 
be  excessive. 

Hot  Water. — Profiise  oozing,  such,  for  example,  as  may  occur 
from  the  flaps  after  amputation,  or  from  the  large  raw  surface 
left  after  excision  of  the  knee,  may  sometimes  be  arrested  by 
douching  the  part  with  sterilised  water  at  a  temperature  of 
about  110°  F.,  which  acts  by  causing  contraction  of  the  muscular 
fibres  of  the  vessel  walls. 

Styptics. — The  local  application  of  styptics  is  seldom  to  be 
recommended.    In  the  treatment  of  epistaxis  or  bleeding  from 
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the  nose,  of  hfemorrhage  from  the  socket  of  a  toothy  and  some- 
times from  ulcerating  or  granulating  surfaces,  however,  styptics 
may  be  useful.  All  clots  must  be  removed  and  the  drug  applied 
directly  to  the  bleeding  surface.  Adrenalin  and  turpentine  are 
the  most  useful  drugs  for  this  purpose. 

Surgical  Arrest  of  Accidental  Hsemorrhage. — The  most 
efficient  means  of  temporarily  controlling  profuse  haemorrhage 
is  by  pressure  applied  with  the  finger,  or  with  a  pad  of  gauze, 
directly  over  the  bleeding  point.  While  this  is  maintained  an 
assistant  makes  digital  pressure,  or  ajDplies  a  tourniquet,  over 
the  main  vessel  of  the  limb  on  the  proximal  side  of  the  bleeding 
point.  A  useful  emergency  tourniquet  may  be  improvised  by 
folding  a  large  handkerchief  en  cravatte,  with  a  cork  or  piece  of 
wood  in  the  fold  to  act  as  a  pad.  The  handkerchief  is  applied 
round  the  limb,  with  the  pad  over  the  main  artery,  and  the 
ends  knotted  on  the  outer  aspect  of  the  limb.    With  a  strong 

[piece  of  wood  the  handkerchief  is  wound  up  like* a  Spanish 
windlass,  until  sufficient  pressure  is  exerted  to  arrest  the 

;  bleeding. 

It  is  sometimes  found  on  the  removal  of  this  extemporised 
I  tourniquet  that  the  bleeding  has  ceased,  coagula  having  formed 
in  the  divided  vessels.  As,  however,  such  wounds  are  usually 
infected,  it  is  seldom  advisable  to  trust  to  this  cessation  being 
permanent,  because  if  sepsis  occurs  in  the  wound  it  is  liable 
later  to  give  rise  to  secondary  hsemorrhage.  It  is  safer  to 
remove  from  the  tissues  all  clots  that  are  obsciiring  the 
divided  vessels,  and,  after  purifying  the  wound,  to  ensure 
permanent  closure  of  both  ends  of  these  by  one  or  other  of 
the  means  described. 

When  hsemorrhage  is  taking  place  from  a  number  of  small 
vessels,  its  arrest  may  be  effected  by  elevation  of  the  bleeding 
part,  particularly  if  it  is  a  limb.  By  this  means  the  force  of 
the  circulation  is  diminished  and  the  formation  of  coagula 
favoured.  Similarly,  in  wounds  of  the  hand  or  forearm,  or  of 
the  foot  or  leg,  bleeding  may  be  arrested  by  placing  a  pad  in 
the  flexure  and  acutely  flexing  the  limb  at  the  elbow  or  knee 
respectively. 

Reactionary  or  intermediary  hsemorrhage  is  really  a  re- 
currence of  primary  bleeding.  As  the  name  indicates,  it 
'  occurs  during  the  period  of  reaction— that  is,  within  the  first 
few  hours  after  an  operation  or  injury.  It  may  be  due  to 
the  mcrease  in  the  blood  pressure  which  accompanies  reaction 
displacing  clots  which  have  formed  in  the  vessels,  or  causing 
vessels  to  bleed  which  did  not  bleed  during  the  operation  ;  to 
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the  slipping  of  a  ligature ;  or  to  the  giving  way  of  a  grossly 
damaged  portion  of  the  vessel  wall.  In  the  scrotum,  the  re- 
laxation of  the  dartos  during  the  first  few  hours  after  operation 
occasionally  leads  to  reactionary  haemorrhage. 

As  a  rule,  reactionary  haemorrhage  takes  place  from  small 
vessels  as  a  result  of  the  displacement  of  occluding  clots,  and 
in  many  cases  the  haemorrhage  stops  when  the  bandages  and 
soaked  dressings  are  removed.  If  not,  it  is  usually  sufficient 
in  the  first  instance  to  remove  the  clots  and  apply  firm  pressure, 
and  in  the  case  of  a  limb  to  elevate  it.  Should  the  haemorrhage 
recur,  the  wound  must  be  reopened,  and  ligatures  applied  to 
the  bleeding  vessels.  Douching  the  wound  with  hot  sterilised 
water  (about  110°  F.),  and  plugging  it  tightly  with  gauze,  are 
often  successful  in  arresting  capillary  oozing.  When  the  bleed- 
ing is  more  copious,  it  is  usually  due  to  a  ligature  having  slipped 
from  a  large  vessel,  and  the  wound  must  be  opened  up  and  the 
vessel  again  secured.  The  internal  administration  of  morphin, 
by  keeping  the  patient  quiet,  may  prove  useful  in  preventing 
the  recurrence  of  haemorrhage.  ^  ■  ■ 

The  term  Secondary  Haemorrhage  refers  to  bleeding  which  is 
due  to  some  interference  with  the  natural  process  by  which  an 
injured  vessel  is  repaired,  and  it  may  occur  at  any  time  until 
the  wound  has  completely  healed.  The  term  is  also  apphed  to 
the  bleeding  which  results  .from  erosion  of  a  blood-vessel,  for 
example,  by  an  abscess  burrowing  into  it,  or  by  necrosis  of 
its  walls  in  a  septic  wound,  or  by  the  pressure  of  a  dramage-tube 
As  secondary  hajmorrhage  is  almost  invariably  the  result  ot 
septic  processes,  it  is  much  less  frequent  now  than  it  was  in 
pre-antiseptic  days.  In  whatever  way  the  infective  material 
reaches  the  vessel— whether  from  suppuration  m  the  wound, 
from  the  material  used  for  ligature,  or  from  the  blood-stream— 
it  causes  softening  and  disintegration  of  the  vessel  wall, 
and  of  the  occluding  clot  which  is  in  process  of  organisation. 
The  bleeding  which  takes  place  when  the  vessel  at  iengtli 
aives  way  may  at  first  be  slight  and  may  stop  spontaneously. 
It  soon  recurs,  however,  and  as  the  destructive  process 
progresses,  the  recurrences  become  more  frequent  and  the 
flow  more  abundant,  until  eventually  profuse,  and  it  may  be 
fatal,  haemorrhage  results. 

The  occurrence  of  slight  haemorrhages  from  a  suppuratmg 
wound  in  the  vicinity  of  a  large  blood-vessel  is  strongly  sug- 
gestive of  secondary  haemorrhage,  and  should  always  ead  to 
steps  being  taken  to  avoid  more  serious  bleeding,  or  to  deal 
with  it  when  it  occurs.    A  Petit's  screw  tourniquet  should  be 
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loosely  applied  to  the  limb  above  the  wound,  and  the  nurse 
instructed  to  tighten  it  up  in  the  event  of  bleeding  taking 
place,  and  to  summon  the  surgeon  without  delay.  In  most 
cases,  however,  it  is  safer  to  anticipate  serious  bleeding  by 
operative  measures.  If,  for  example,  the  bleeding  is  from  a 
moderate-sized  vessel,  it  may  be  sufficient  to  wash  out  the 
wound  with  hot  lotion,  purify  it  with  peroxide  of  hydrogen, 
and  plug  it  tightly  with  iodoform  or  double-cyanide  gauze. 

When  a  large  vessel  is  involved,  and  when  the  wound  is 
badly  infected  and  sloughing,  it  is  safer  to  ligate  the  main 
vessel  through  a 'fresh  incision  at  a  selected  point  higher  up. 
Should  this  fail  to  arrest  the  haemorrhage,  or  should  the  pro- 
cedure be  likely  to  be  followed  by  gangrene,  it  may  be  necessary 
to  amputate  the  limb  well  above  the  infected  area.  Gangrene 
is  more  likely  to  follow  ligation  of  the  main  vessels  of  the  lower 
than  of  the  upper  extremity  under  these  conditions,  although 
we  have  ligated  both  the  external  iliac  artery  and  vein  for 
secondary  haemorrhage  without  gangrene  ensuing.  In  situations 
in  which  proximal  ligation  is  impossible — for  example,  in  the 
neck,  the  groin,  or  the  pelvis — firm  plugging  with  antiseptic 
gauze  may  be  the  only  means  available. 

Considerable  attention  has  recently  been  devoted  to  the 
study  of  hceviorrhages  which  clexjend  upon  infective  or  toxic 
conditions  and  in  which  no  gross  lesion  of  the  vessels  can 
he  discovered.  The  haemorrhage  occurs  as  an  oozing,  which  may 
be  comparatively  slight  and  unimportant,  or  by  its  persistence 
may  become  serious.  It  takes  place  into  the  superficial  layers 
of  the  skin,  from  mucous  membranes,  and  into  the  substance  of 
such  organs  as  the  pancreas.  Haemorrhages  from  the  stomach 
and  intestine,  attended  with  a  brown  or  black  discoloration 
of  the  vomit  and  of  the  stools,  is  one  of  the  best  known  ex- 
amples ;  it  is  not  uncommonly  met  with  in  infective  conditions 
originating  in  the  appendix,  intestine,  gall-bladder,  and  other 
organs  situated  within  the  abdomen.  A  similar  htemorrhage 
from  the  mucous  membrane  of  the  stomach  may  occur  after 
abdominal  operations— the  so-called  post-operative  hmmatemesis, 
—but  it  is  now  believed  that  the  infective  condition  and  not 
the  operation  is  the  essential  cause.  The  methods  of  treat- 
ment employed  are  such  as  may  be  expected  to  neutralise  or 
antagonise  the  infection  which  is  primarily  responsible  for  the 
occurrence  of  the  haemorrhage. 

Constitutional  Effects  of  Haemorrhage.— The  severity  of 
the  symptoms  resulting  from  hemorrhage  depends  as  much 
on  the  rapidity  with  which  the  bleeding  takes  place  as  on 
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the  amount  of  blood  lost.    The  sudden  loss  of  a  large  quantity, 
whether  from  an  open  wound  or  into  a  serous  cavity — for 
example,  after  rupture  of  the  liver  or  spleen— is  attended 
with  marked  pallor  of  the  surface  of  the  body  and  coldness 
of  the  skin,  especially  of  the  face,  feet,  and  hands.    The  skin 
is  moist  with  a  cold^  clammy  sweat,  and  beads  of  perspiration 
stand  out  on  the  forehead.    The  pulse  becomes  feeble,  soft, 
and  rapid,  and  the  patient  is  faint  and  listless,  and  complains 
of  extreme  thirst.    The  temperature  is  usually  subnormal; 
and  the  respiration  rapid,  shallow,  and  sighing  in  character. 
Abnormal  visual  sensations,  in  the  form  of  flashes  of  light 
or  spots  before  the  eyes;   and  rushing,  buzzing,  or  ringing 
sounds  in  the  ears,  are  often  complained  of.     The  occur- 
rence  of   post-hc^morrhagic   leucocytosis   has   been  already 
referred  to. 

In  extreme  cases,  phenomena  which  have  been  aptly 
described  as  those  of  "  air-hunger"  ensue.  On  account  of  the 
small  quantity  of  blood  circulating  through  the  body,  the 
tissues  are  imperfectly  oxygenated,  and  the  patient  becomes 
extremely  restless,  gasping  for  breath,  constantly  throwing 
about  his  arms  and  baring  his  chest  in  the  vam  attempt  to 
breathe  more  freely.  Faintness  and  giddiness  are  marked 
features.  The  diminished  supply  of  oxygen  to  the  brain  and 
to  the  muscles  produces  muscular  twitchings,  and  sometimes 
convulsions.    Finally  the  pupils  dilate,  the  sphincters  relax, 

and  death  ensues.  ^  ,  i  +i 

Youn<T  children  stand  the  loss  of  blood  badly,  but  they 
quickly  recover,  as  the  regeneration  of  blood  takes  place 
rapidly.  In  old  people  also,  and  especially  when  they  are  fat, 
the  loss  of  blood  is  badly  borne,  and  the  ill  effects  last  longer. 
Women,  on  the  whole,  stand  loss  of  blood  better  than  men, 
and  in  them  the  blood  is  more  rapidly  re-formed. 

Treatment.— treatment  is  practically  the  same  as  that  ot 
shock.  The  patient  should  be  placed  at  rest  m  a  warm,  well- 
ventilated  room,  and  the  foot  of  the  bed  elevated.  Cardiac 
stimulants,  such  as  strychnin  or  alcohol,  must  be  J^^dicioiis  y 
administered,  over-stimulation  being  carefully  avoided,  ije 
inhalation  of  oxygen  has  been  found  useful  m  relieving  tbe 
more  urgent  symptoms  of  dyspnoea.  ,    .      „  i„ 

The  blood  may  be  emptied  from  the  limbs  into  the  vessels  of 
the  trunk,  where  it  is  more  needed,  by  holding  them  vertically 
in  the  air  for  a  few  minutes,  and  then  applying  a  firm  elast  c 
bandage  over  a  layer  of  cotton  wool,  from  the  periphery 
towards  the  trunk. 
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Introduction  of  Fluids  into  the  Circulation. — The  most 
valuable  measure  for  maintaining  the  circulation,  however,  is 
the  introduction  of  from  one  to  three  pints  of  ordinary 
physiological  salt  solution  (a  teaspoonful  of  common  salt  to  a 
pint  of  water)  into  a  vein.  The  solution  is  sterilised  by 
boiling,  and  cooled  to  a  temperature  of  about  105°  F.  The 
addition  of  5  or  10  minims  of  adrenalin  solution  (1  in  1000)  is 
advantageous  in  raising  the  blood  pressure. 

The  median  basilic  is  the  most  convenient  vein  into  which  to 
introduce  the  fluid.  A  constricting  band  is  applied  round  the 
upper  arm  to  render  the  veins  prominent,  and  an  incision 
made  in  the  long  axis  of  the  median  basilic,  exposing  about  an 
inch  of  the  vessel.  With  an  aneurysm  needle  two  catgut 
ligatures  are  passed  round  the  vein  about  an  inch  apart,  and 
the  lower  is  tied  so  as  to  occlude  the  vessel.  A  V-shaped  flap, 
with  its  apex  downwards,  is  then  cut  in  the  wall  of  the  vein 
by  means  of  scissors  curved  on  the  flat,  or  by  transfixing  the 
wall  with  a  narrow-bladed  knife,  and  a  small  glass  or  metal 
nozzle  introduced,  and  retained  in  position  by  tightening  up 
the  higher  ligature  with  a  double  or  treble  first-loop  of  a 
surgeon's  knot.  To  this  nozzle  is  fixed  a  rubber  tube,  from 
four  to  six  feet  in  length,  and  with  the  calibre  of  a  number 
ten  catheter.  Through  a  funnel  the  fluid  is  allowed  to  flow 
slowly  into  the  vein,  care  being  taken  that  no  air  enters  with 
it.  The  rate  of  flow  is  regulated  by  raising  or  lowering  the 
funnel :  it  should  take  about  ten  minutes  to  introduce  a  pint  of 
solution.  When  the  desired  quantity — from  one  to  three  pints 
— has  been  introduced,  the  nozzle  is  withdrawn,  the  ligatures 
holding  it  being  at  the  same  moment  tightened  and  secured. 
The  vein  is  then  divided  between  the  ligatures,  the  skin 
sutured,  and  a  dressing  applied. 

When  the  intra-venous  method  is  not  available,  one  or  two 
pints  of  saline  solution  with  adrenalin  should  be  slowly  intro- 
duced into  the  rectum,  by  means  of  a  long  rubber  tube  and  a 
filler.  Satisfactory,  although  less  rapidly  obtained  results 
follow  the  introduction  of  saline  solution  into  the  cellular 
tissue — for  example,  under  the  mamma,  into  the  axilla,  or 
under  the  skin  of  the  back. 

If  the  patient  can  retain  fluids  taken  by  the  mouth — such  as 
hot  coffee,  barley  Avater,  or  soda  water — these  should  be  freely 
given,  unless  the  injury  necessitates  operative  treatment  under 
a  general  ana3sthetic. 

The  introduction  of  blood  obtained  from  a  healthy  person  is 
sometimes  employed  in  the  treatment  of  shock  and  various  forms 
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of  aiiijemia.  Crile  believes  that  transfusion  is  the  best  treat- 
ment for  combined  shock  and  hsemorrhage.  The  blood  is 
made  to  flow  directly  from  the  radial  artery  of  the  donor  into 
the  median  basilic  or  other  vein  of  the  receiver. 

HEMOPHILIA 

The  term  haemophilia  is  applied  to  an  inherited  disease 
which  renders  the  patient  liable  to  serious  haemorrhage  from 
even  the  most  trivial  injuries ;  and  the  subjects  of  it  are 
popularly  known  as  "bleeders." 

The  essential  cause  of  the  disease  and  its  true  nature  are  as 
yet  unknown.  There  is  no  proof  of  any  structural  defect  in 
the  blood-vessels,  and  beyond  the  fact  that  there  is  a 
diminution  in  the  number  of  blood-plates,  it  has  not  been 
demonstrated  that  there  is  any  alteration  in  the  composition 
of  the  blood. 

The  affection  is  in  a  marked  degree  hereditary,  all  the 
branches  of  an  affected  family  being  liable  to  suffer.  Its 
mode  of  transmission  to  individuals,  moreover,  is  characteristic  : 
the  male  members  of  the  stock  alone  suffer  from  the  affection 
in  its  typical  form,  while  the  tendency  is  transmitted  through 
the  female  line.  Thus  the  daughters  of  a  father  who  is  a 
bleeder,  whilst  they  do  not  themselves  suffer  from  the  disease, 
transmit  the  tendency  to  their  male  offspring.  The  sons,  on 
the  other  hand,  neither  suffer  themselves  nor  transmit  the 
disease  to  their  children  (Fig.  63).  The  female  members  of 
ha?mophilic  stock  are  often  very  prolific,  and  there  is  usually 
a  predominance  of  daughters  in  their  families. 

The  disease  is  met  with  in  boys  who  are  otherwise  healthy, 
and  usually  manifests  itself  during  the  first  few  years  of  life. 
In  rare  instances  profuse  haemorrhage  takes  place  when  the 
umbilical  cord  separates.  As  a  rule  the  first  evidence  is  the 
occurrence  of  long-continued  and  uncontrollable  bleeding  from 
a  comparatively  slight  injury,  such  as  the  scratch  of  a  pin, 
the  extraction  of  a  tooth,  or  after  the  operation  of  circumcision. 
The  blood  oozes  slowly  from  the  capillaries ;  at  first  it  appears 
normal,  but  after  flowing  for  some  days,  or  it  may  be  weeks, 
it  becomes  pale,  thin,  and  watery,  and  shows  less  and  less 
tendency  to  coagulate. 

Female  members  of  haamophiUc  families  sometimes  sho\v  a 
tendency  to  excessive  hsemorrhage,  but  they  seldom  manifest 
the  characteristic  features  met  with  in  the  male  members. 

Sometimes  the  haemorrhage  takes  place  apparently  spontane- 
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ously  from  a  mucous  surface,  sucli  as  the  gums,  the  nasal 
or  ■  the  intestinal  mucous  membrane.  In  other  cases  the 
bleeding  occurs  into  the  cellular  tissue  under  the  skin  or 
mucous  membrane,  producing  large  areas  of  ecchymosis  and 
discoloration.  One  of  the  commonest  manifestations  of  the 
disease  is  the  occurrence  of  hsemorrhage  into  the  synovial 
cavities  of  the  large  joints,  especially  the  knee,  elbow,  or  hip. 
The  patient  suffers  repeatedly  from  such  haemorrhages,  the  deter- 
minincT  injury  being  often  so  slight  as  to  have  passed  unobserved. 

There  is  evidence  that  the  tendency  to  bleed  is  greater  at 
certain  times  than  at  others— in  some  cases  showing  almost  a 
cyclical  character— although  nothing  is  known  as  to  the  cause 

of  the  variation.  „  ,  •  , 

After  a  severe  hsemorrhage  into  the  cellular  tissue  or  into  a 
ioint,  the  patient  becomes  pale  and  ansemic,  the  temperature 
may  rise  to  102°  or  103°  E.,  the  pulse  become  small  and  rapid, 


Fig.  64.-Extei,sive  subcutaneous  Effusion  in  case  of  Hemophilia.  The 
condition  simulated  Acute  Osteomyelitis  of  Tibia. 

and  hjBmic  murmurs  are  sometimes  developed  over  the  heart 
and  large  arteries.  The  swelling  is  tense,  fluctuating,  and 
hot,  and  there  is  considerable  pain  and  tenderness. 

In  exceptional  cases,  blisters  form  over  the  ^eat  of  tne 
effusion,  or  the  skin  may  even  slough,  and  the  '^'l^^^^^^f^^^^^^ 
may  therefore  come  to  simulate  closely  those  of  an  acute 

'^TfZ^t^o^^  g-^-^iy  t^^^^i 

blood  is  slowly  absorbed,  the  discoloration  of  the  sk.n  pa.  n  g 
through  the  same  series  of  changes  as  occur  ^^^er  an  oid  ary 
bruise!  Prolonged  hemorrhage  is  usually  associated  witl  a 
Inormal  temperature.  The  patients  -  ^^^^ ! 
symptoms  of  the  bloodless  state,  and  the  blood  is  rapidly 

is  easy  if  the  patient  or  his  fnc^  a.e 
awi;.e  of  tile  family  tendency  to  haemorrhage  and  jfm^^^t^^^ 
surgeon  of  it,  but   they  are   often   sensitive   and  leticeiu 
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regarding  the  fact,  and  it  may  only  be  elicited  after  close 
investigation.  From  the  history  it  is  usually  easy  to  exclude 
scurvy  and  purpura.  Eepeated  hjEmorrhages  into  a  joint  may 
result  in  appearances  which  closely  simulate  those  of  tuber- 
culous disease.  Recent  htemorrhages  into  the  cellular  tissue 
often  present  clinical  features  closely  resembling  those  of 
acute  cellulitis  or  osteomyelitis  (Fig.  64).  A  careful  examina- 
tion, however,  may  reveal  ecchymoses  on  other  j)arts  of  the 
body  which  give  a  clue  to  the  nature  of  the  condition,  and 
may  prevent  the  disastrous  consequences  that  would  follow 
incision  of  the  swelling. 

The  prognosis  is,  on  the  whole,  unfavourable,  as  these 
patients  usually  succumb  sooner  or  later  to  haemorrhage, 
although  they  often  survive  several  severe  attacks.  After 
middle  life  the  tendency  to  bleed  appears  to  diminish. 

Treatment. — As  a  rule  the  ordinary  means  of  arresting 
hasmorrhage  are  of  little  avail.  From  among  the  numerous 
means  suggested,  the  following  may  be  mentioned.  The 
application  to  the  bleeding  point  of  gauze  soaked  in  a  1  in 
1000  solution  of  adrenalin;  prolonged  inhalation  of  oxygen; 
freezing  the  part  with  a  spray  of  ethyl-chloride ;  one  or  more 
subcutaneous  injections  of  gelatin — five  ounces  of  a  1\  per  cent, 
solution  of  white  gelatin  in  normal  salt  solution  being  injected 
at  a  temperature  of  about  100°  F.  The  application  of  a  pad  of 
gauze  soaked  in  the  blood  of  a  normal  person  sometimes  arrests 
the  bleeding. 

To  prevent  bleeding  in  hsemophilics,  intra-venous  or  sub- 
cutaneous injections  of  fresh  blood  serum,  taken  from  the 
human  subject,  the  dog,  the  horse,  or  the  rabbit,  have  proved 
useful  (Weil). 

The  chloride  and  lactate  of  calcium,  and  extract  of  thymus 
gland  have  been  employed  to  increase  the  coagulability  of  the 
blood.  The  patient  should  drink  large  quantities  of  milk, 
which  also  increases  the  coagulability  of  the  blood. 

Thrombosis  and  Embolism 

The  processes  known  as  thrombosis  and  embolism  are  so 
intimately  associated  with  the  diseases  of  blood-vessels  that  it 
IS  convenient  to  define  these  terms  in  the  first  instance. 

Thrombosis.— The  term  tliromhus  is  applied  to  a  clot  of 
blood  formed  in  the  interior  of  the  heart  or  of  a  blood-vessel, 
and  the  process  by  which  such  a  clot  forms  is  known  as 
tliromhosis.    The  essential  cause  of  thrombosis  is  as  yet  not 
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thoroughly  understood.  It  would  appear,  however,  that 
slowing  or  stagnation  of  the  blood-stream,  and  interference 
with  the  integrity  of  the  lining  membrane  of  the  vessel  wall, 
are  the  most  important  factors  determining  the  formation  of 
the  clot.  When  the  thrombus  is  formed  slowly,  it  is  of  a 
greyish-white  colour,  and,  being  deposited  in  successive ^layer.s, 
has  a  distinctly  laminated  appearance  on  section.  This  is 
known  as  a  ivldte  thrombus  or  laminated  clot,  and  is  often  met 
with  in  the  sac  of  an  aneurysm  (Fig.  71).  When  rapidly 
formed  in  a  vessel  in  which  the  blood  is  almost  stagnant— as, 
for  example,  in  a  pouched  varicose  vein — the  blood  coagulates 
en  masse,  and  the  clot  consists  of  all  the  elements  of  the  blood, 
constituting  a  red  thrombus  (Fig.  66).  Sometimes  the  throm- 
bus is  mixed — a  red  thrombus  being  deposited  on  a  white  one, 
it  may  be  in  alternate  layers. 

When  aseptic,  a  thrombus  usually  undergoes  organisation  ; 
or  a  portion  of  it  may  become  detached  and  be  carried  off  in 
the  blood-stream  as  an  embolus,  or  it  may  degenerate  and 
undergo  calcification. 

Occasionally  a  small  thrombus  situated  behind  a  valve  in  a 
varicose  vein  or  in  the  terminal  end  of  a  dilated  vein— for 
example,  in  a  pile— undergoes  calcification,  and  is  then  spoken 
of  as  a  phlehoUth. 

When  infected  with  pyogenic  bacteria,  the  thrombus  be- 
comes converted  into  pus  and  a  localised  abscess  may  form  ;  or 
portions  of  the  thrombus  may  be  carried  as  septic  emboli  m 
the  circulation  to  distant  parts,  where  they  give  rise  to  secondary 
foci  of  suppuration— pyasmic  abscesses. 

Embolism.— The  term  embolus  is  applied  to  any  body  earned 
aloncf  in  the  arterial  circulation  and  ultimately  impacted  in  one 
of  the  arteries.  This  occurrence  is  known  as  embolmn.  The 
commonest  forms  of  embolus  are  portions  of  thrombi  or  of 
fibrinous  formations  on  the  valves  of  the  heart,  the  latter  being 
usually  infected  with  micro-organisms.  _  _  • 

Embolism  plays  an  important  part  in  determining  one  form 
of  gan-rene,  as  has  already  been  described.  Septic  emboli 
are  the"  direct  cause  of  the  secondary  abscesses  that  occur  in 
pyjBmia  ;  and  they  are  sometimes  responsible  for  the  formation 

of  aneurysm.  ...  , 

Portions  of  malignant  tumours  also  may  form  emboli,  and 
their  impaction  in  the  vessels  may  lead  to  the  development  oi 
secondary  growths  in  distant  parts  of  the  body. 

Fat  and  air  embolism  have  already  been  referred  to. 
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ARTERITrS 

Arteritis  due  to  Pyogenic  Organisms. — In  arteritis  due  to 
pyogenic  organisms,  the  infection  may  take  place  by  direct 
spread  from  a  focus  of  suppuration  in  the  vicinity  of  the 
artery,  from  an  imperfectly  sterilised  ligature  applied  to  the 
vessel,  or  from  the  blood-stream  in  the  form  of  a  septic 
■embolus.  The  vessel  wall  undergoes  inflammatory  softening, 
and  the  blood  in  the  lumen  may  coagulate.  The  giving  way 
of  the  wall  of  a  vessel  so  affected  is  the  chief  cause  of  secondary 
hsemorrhage.  Sometimes  the  vessel  ruptures  into  an  abscess 
cavity,  and  dangerous  bleeding  may  occur  when  the  abscess 
bursts  or  is  opened. 

When  the  inflammatory  reaction  stops  short  of  suppuration, 
the  softening  of  the  vessel  wall  may  lead  to  aneurysmal 
dilatation.  This  occurs  in  embolic  arteritis,  and  is  frequently- 
associated  with  disease  of  the  valves  of  the  heart.  It  is  not 
uncommon  in  children,  and  explains  many  of  the  aneurysms 
met  with'  in  young  subjects. 

Syphilitic  Arteritis.— Ihe  inflammation  of  arteries  associated 
with  syphilis  results  in  marked  thickening  of  the  tunica  intima, 
whereby  the  lumen  of  the  vessel  becomes  narrowed,  or  even 
obliterated— ewtZarifenYzs  obliterans.  The  middle  coat  usually 
escapes,  but  the  tunica  adventitia  is  generally  thickened 
These  changes  are  best  seen  in  the  smaller  vessels  of  the  brain 
and  of  the  abdominal  viscera,  and  they  cause  serious  inter- 
ference with  the  nutrition  of  the  parts  supplied  by  the  aff'ected 
arteries.  In  large  trunks,  by  diminishing  the  elasticity  of  the 
vessel  wall,  they  are  liable  to  lead  to  the  formation  of  an 
aneurysm. 

Changes  in  the  arterial  walls  closely  resembling  those  of 
lSons'''°  ""^^  sometimes  met  with   in  tuherculous 

Mheroma.—This  name  is  applied  to  certain  changes  which 
occur  in  the  deeper  layers  of  the  tunica  intima,  whereby  an 
increased  development  of  young  connective  tissue  takes  place 
in  course  of  time  this  new  tissue  undergoes  degeneration,  at 
hist  usually  of  a  fatty  nature,  but  progressing  in  the  direction 
oi  calcihcation  and  this  is  usually  followed  by  the  deposit  of 
caTnl  "'i  ^""^^  connective  tissue,  and  the  formation  of 
wa  ]     ?l  ^     ^  M  r"^'        ^  area  of  the  vessel 

wail,     ihe  endothelium  over  these  plates  often  disappears 
eaving  them  exposed  to  the  blood-streim,  whereby  theT  avou; 
the  occurrence  of  thrombosis.  ^  Javour 
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Changes  of  a  similar  kind  sometimes  occur  in  the  middle 
coat,  the  lime  salts  being  deposited  among  the  muscle  fihres  in 
concentric  rings. 

The  primary  cause  of  atheroma  is  not  definitely  known,  but 
its  almost  constant  occurrence  in  the  aged,  to  a  greater  or  less 
degree,  suggests  that  it  is  of  the  nature  of  a  senile  degeneration. 
It  Is  favoured  by  anything  which  throws  excessive  strain  on 
the  vessel  walls,  such  as  heavy  muscular  work;  by  chronic' 
alcoholism  and  syphilis;  or  by  such  general  diseases  as  tend 
to  raise  the  blood  pressure— for  example,  chronic  Bright's 
disease  or  gout. 

It  occurs  with  greater  frequency  and  with  greater  severity 
in  men  than  in  women.  The  large  arterial  trunks  are  chiefly 
affected,  and  the  changes  are  most  marked  at  the  arch  of  the 
aorta,  opposite  the  flexures  of  joints,  at  the  mouths  of  large 
branches,  and  at  parts  where  the  vessel  lies  in  contact  with 

^^The  presence  of  these  calcareous  plates  in  the  wall  of  an 
artery  diminishes  its  elasticity  and  favours  aneurysmal  dilata- 
tion    Such  a  vessel  also  is  liable  to  be  ruptured  by  external 
violence  and  so  give  rise  to  traumatic  aneurysm.    In  the 
smaller  vessels  atheroma  may  lead  to  dimmution  or  even  to 
occlusion  of  the  lumen— a  condition  which  m  the  lower  limb 
predisposes  to  gangrene.    Thrombosis  is  liable  to  occur  when 
the  plates  are  exposed  in  the  lumen  of  the  vessel  by  destruc- 
tion of  the  endothelium,  and  this  predisposes  to  embolism. 
Atheroma  also  interferes  with  the  natural  arrest  of  haemorrhage, 
and  by  rendering  the  Vessels  brittle,  makes  it  difficult  to  secure 
them  by  ligature.    In  advanced  cases,  the  accessible  arteries- 
such  as  the  radial,  the  temporal,  or  the  femoral-may  be  felt 
as  firm,  tortuous  cords,  which  are  sometimes  so  hard  that  they 
have  been  aptly  compared  to  "pipe-stems"    The  pulse  is 
smaller  and  less  compressible  than  normal,  and  the  vessel 
moves  bodily  with  each  pulsation. 

Thrombosis  in  Veins  and  Thrombo-PlileMtis.-Thrombosis 
is  more  common  in  veins  than  in  arteries,  probably  because 
the  conditions  which  favour  the  formation  of  thrombi-slowing 
of  the  blood-stream  and  irritation  of  the  endothelium  of  the 
vessel  wall-are,  owing  to  the  conditions  of  the  venous  circula- 
tion more  readily  induced  in  veins.  i     •  „i 

Venous   thrombosis   may   occur   from   purely  mechanical 
catises-as,  for  example,  when  the  wall  of  a  vein  is  inc.se 
or  the  vessel  included  in  a  ligature,  or  when  it  i.  l^^^^^^d  or 
crushed  by  a  fragment  of  a  broken  bone  or  by  a  bandage  too 
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tightly  applied.  Under  these  conditions  thrombosis  is  essen- 
tially a  reparative  process,  and  has  already  been  considered  in 
relation  to  the  repair  of  blood-vessels. 

In  other  cases  thrombosis "  is  associated  with  certain  con- 
stitutional diseases — for  example,  gout  and  rheumatism ;  the 
endothelium  of  the  veins  undergoing  changes — possibly  the 
result  of  irritation  by  abnormal  constituents  in  the  blood — 
which  favour  the  forrnation  of  thrombi. 

Under  these  various  conditions  the  formation  of  a  thrombus 
is  not  necessarily  associated  with  the  action  of  bacteria, 
although  in  any  of  them  this  additional  factor  may  be  present. 

The  most  common  cause  of  venous  thrombosis,  however,  is 
inflammation  of  the  wall  of  the  vein — phlebitis. 

Phlebitis. — Various  forms  of  phlebitis  are  met  with,  but  for 
practical  purposes  they  may  be  divided  into  two  groups — one 
in  which  there  is  a  tendency  to  the  formation  of  a  thrombus ; 
the  other  in  which  the  infective  element  predominates. 

In  surgical  patients,  the  thrombotic  form  is  almost  invariably 
met  with  in  the  lower  extremity,  and  usually  occurs  in  those 
who  are  debilitated  and  anaemic,  and  who  are  confined  to  bed 
for  prolonged  periods — for  example,  daring  the  treatment 
of  fractures  of  the  leg  or  pelvis,  or  after  such  operations 
as  herniotomy,  prostatectomy,  or  those  performed  for 
appendicitis. 

Clinical  Features.— Th.^  most  typical  example  of  this  form 
of  phlebitis  is  that  so  frequently  met  with  in  the  internal 
saphena  vein,  especially  when  it  is  varicose.  The  onset  of  the 
attack  is  usually  indicated  by  a  sudden  pain  in  the  lower  limb 
—sometimes  below,  sometimes  above  the  knee..  This  initial 
pain  may  be  associated  with  shivering  or  even  with  a  rigor,  and 
the  temperature  usually  rises  one  or  two  degrees.  There  is 
swelling  and  tenderness  along  the  line  of  the  affected  vein,  and 
the  skm  over  it  is  a  dull-red  or  purple  colour.  The  swollen 
vem  may  be  felt  as  a  firm  cord,  with  bead-like  enlargements  in 
the  position  of  the  valves.  The  patient  experiences  a  feeling 
of  stiffness  and  tightness  throughout  the  limb.  There  is  often 
cedema  of  the  leg  and  foot,  especially  when  the  limb  is  in  the 
dependent  position.  The  acute  symptoms  pass  ofl'  in  a  few 
<lays,  but  the  swelling  and  tenderness  of  the  vein  and  the 
<edema  of  the  limb  may  last  for  many  weeks. 

Wheii  the  deep  veins— iliac,  femoral,  popliteal— are  involved 
wiere  is  usually  great  swelling  of  the  whole  limb,  which  is  of  a 
nrm,  almost  "  wooden  "  consistence,  and  of  a  pale-white  colour  • 
tfte  cedema-  may  be  so  great,  that  it  is  impossible  to  feel  the 
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affected  vein  until  the  subsidence  of  the  swelling.     This  is 
most  often  seen  in  puerperal  women,  and  is  known    phlegmasia  ■ 
alha  dolens. 

Treatment. — The  patient  must  be  placed  at  absolute  rest, 
with  the  foot  of  the  bed  raised  on  blocks  ten  or  twelve  inches 
high,  and  the  limb  immobilised  by  sand-bags  or  splints.  It  is 
necessary  to  avoid  handling  the  parts,  lest  the  clot  be  displaced 
and  embolism  occur.  To  avoid  frequent  movement  of  the  limb, 
the  necessary  dressings  should  be  kept  in  position  by  means  of 
a  many-tailed  rather  than  a  roller  bandage. 

To  relieve  the  pain,  warm  fomentations,  or  lead  and  opium 
lotion,  should  be  applied.  Later,  glycerin  and  belladonna,  or 
ichthyol  glycerin,  may  be  substituted. 

When,  at  the  end  of  three  weeks,  the  danger  of  embohsm  is 
past,  douching  and  gentle  massage  may  be  employed  to  disperse 
the  oedema  ;  and  when  the  patient  gets  up  he  should  wear  a 
supporting  elastic  bandage. 

The  infective  form  usually  begins  as  a  peri-phlebitis  arismg 
in  connection  with  some  focus  of  infection  in  the  adjacent 
tissues.  The  elements  of  the  vessel  wall  are  destroyed  by 
suppuration,  and  the  thrombus  in  its  lumen  becomes  mfected 
with  pyogenic  bacteria  and  undergoes  softenmg.  In  some 
cases  the  organisms  reach  the  thrombus  directly  from  the 
blood-stream,  in  others  from  infected  hgatures  or  instruments 
—  as,  for  example,  in.  operations  for  varicose  vems  or 
haemorrhoids. 

Portions  of  the  softened  thrombus  are  liable  to  become 
detached  and  to  enter  the  circulating  blood,  in  which  they 
are  carried  as  septic  emboli.  These  may  lodge  m  distant  parts, 
and  give  rise  to  secondary  foci  or  suppuration— pyaemic  abscesses 

(P-  73).  .    .         ,  . 

Clinical  Features.— Iniective  phlebitis  is  most  frequently 
met  with  in  the  lateral  sinus  as  a  sequel  to  chronic  suppuration 
in  the  mastoid  antrum  and  middle  ear.  It  also  occurs  in 
relation  to  the  peripheral  veins,  but  in  these  it  can  seldom  be 
recognised  as  a  separate  entity,  being  merged  in  the  general 
septic  process  from  which  it  takes  origin.  Its  occurrence  may 
be  inferred,  if  in  the  course  of  a  suppurative  lesion  there  is  a 
sudden  rise  of  temperature,  with  pain,  redness  and  swelling 
along  the  line  of  a  venous  trunk,  and  a  rapidly  developed 
oedema  of  the  limb,  with  pitting  of  the  skin  on  pressure,  in 
rare  cases  a  localised  abscess  forms  in  the  vein  and  pomts 
towards  the  surface.  . 

Treatment.— In  the  case  of  the  peripheral  veins  attention 
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must  be  directed  towards  the  condition  with  which  the  phlebitis 
is  associated.  In  some  cases — for  example,  in  septic  compound 
fractures — the  occurrence  of  suppurative  phlebitis  may  necessi- 
tate amputation  of  the  limb.  Ligation  of  the  vein  on  the 
cardiac  side  of  the  thrombus  with  a  view  to  preventing  embolism 
is  seldom  feasible  in  the  peripheral  veins,  although,  as  will  be 
pointed  out  later,  the  jugular  vein  is  ligated  with  this  object 
in  cases  of  phlebitis  of  the  lateral  sinus. 

Varix — Varicose  Veins 

The  term  varix  is  applied  to  a  condition  in  which  veins  are 
so  altered  in  structure  that  they  remain  permanently  dilated, 
and  are  at  the  same  time  lengthened  and  tortuous.  Two  types 
are  met  with  :  one  in  which  dilatation  of  a  large  superficial 
vein  and  its  tributaries  is  the  most  obvious  feature  ;  the  other, 
in  which  bunches  of  distended  and  tortuous  vessels  develop 
at  one  or  more  points  in  the  course  of  a  vein,  a  condition  to 
which  Virchow  applied  the  term  angioma  racemosum  venosum. 
The  two  types  may  occur  in  combination. 

Any  vein  in  the  body  may  become  varicose,  but  the  con- 
dition is  extremely  rare  except  in  the  veins  of  the  lower 
extremity,  in  the  veins  of  the  spermatic  cord  (varicocele),  and 
in  the  veins  of  the  anal  canal  (hgemorrhoids). 

Varicocele  and  hsemorrhoids  will  be  described  elsewhere. 
We  are  here  concerned  with  varix  as  it  occurs  in  the  veins  of 
the  lower  extremity. 

Etiology, — Considerable  difference  of  opinion  exists  as  to  the 
essential  cause  of  varix.  The  weight  of  evidence  is  in  favour 
of  the  view  that,  when  dilatation  is  the  predominant  element, 
it  results  from  a  congenital  deficiency  in  the  number,  size,  and 
strength  of  the  valves  of  the  affected  veins,  and  in  an  inherent 
weakness  in  the  vessel  walls.  The  angioma  racemoswn  venosum 
is  probably  also  due  to  a  congenital  alteration  in  the  structure 
of  the  vessels,  and  is  allied  to  certain  of  the  angiomata. 
The  view  that  varix  is  congenital  in  origin,  as  was  first 
suggested  by  Virchow,  is  supported  by  the  fact  that  in  a  large 
proportion  of  cases  the  condition  is  hereditary ;  not  only  may 
several  members  of  the  same  family  in  succeeding  generations 
suffer  from  varix,  but  it  is  often  found  that  the  same  vein,  or 
segment  of  a  vein,  is  involved  in  all  of  them.  The  frequent 
occurrence  of  varix  in  youth  is  also  an  indication  of  its  con- 
genital origin. 

In  the  majority  of  cases  it  is  only  when  some  exciting  factor 
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comes  into  operation  that  the  clinical  phenomena  associated 
with  varix  appear.  The  most  common  exciting  cause  of  vari- 
cosity is  increased  pressure  within  the  veins,  and  this  may  be 
produced  in  a  variety  of  ways.  In  certain  diseases  of  the 
heart,  lungs,  and  liver,  for  example,  the  venous  pressure  may 
be  so  raised  as  to  cause  a  localised  dilatation  of  such  veins  as 
are  congeni  tally  weak.  The  direct  pressure  of  a  tumour  or  of 
the  gravid  uterus  on  the  large  venous  trunks  in  the  pelvis, 
may  so  obstruct  the  flow  as  to  distend  the  veins  of  the 
lower  extremity.  It  is  a  common  experience  that  in  women 
the  signs  of  varix  date  from  an  antecedent  pregnancy.-  The 
importance  of  the  wearing  of  tight  garters  as  a  factor  in  the 
production  of  varicose  veins  has  been  much  exaggerated, 
although  it  must  be  admitted  that  this  practice  is  calculated 
to  aggravate  the  condition  when  it  is  once  established.  It  has 
been  proved  experimentally  that  the  backward  pressure  in  the 
veins  may  be  greatly  increased  by  straining,  a  fact  which  helps 
to  explain  the  frequency  with  which  varicosity  occurs  in  the 
lower  limbs  of  athletes  and  of  those  whose  occupation  involves 
repeated  and  violent  muscular  efforts.  There  is  reason  to 
believe,  moreover,  that  a  sudden  strain  may,  by  rupturirig  the 
.valves  and  so  rendering  them  incompetent,  induce  varicosity 
independently  of  any  congenital  defect.  Prolonged  standing  or 
walking,  by  allowing  gravity  to  act  on  the  column  of  blood  in 
the  veins  of  the  lower  limbs,  is  also  an  important  determining 
factor  in  the  production  of  varix. 

Thrombosis  of  the  deep  veins— in  the  leg,  for  example- 
may  induce  marked  dilatation  of  the  superficial  veins,  by 
throwing  an  increased  amount  of  work  upon  them.  This  is 
to  be  looked  upon  rather  as  a  compensatory  hypertrophy  of  the 
superficial  vessels  than  as  a  true  varix. 

MorUcl  Anatomy.— In  the  lower  extremity  the  varicosity 
most  commonly  affects  the  vessels  of  the  internal  saphena 
system ;  less  frequently  those  of  the  external  saphena  system. 
Sometimes  both  systems  are  involved,  and  abnormally  large 
communicating  branches  may  develop  between  the  two. 

The  essential  lesion  is  the  absence  or  deficiency  of  valves, 
so  that  they  are  incompetent  and  fail  to  support  the  column  of 
blood  Avhich  bears  back  upon  them.  Normally  the  valves  m 
the  femoral  and  iliac  veins  and  in  the  inferior  vena  cava  are 
imperfectly  developed,  so  that  in  the  erect  posture  the  intermil 
saphena  receives  a  large  share  of  the  backward  pressure  of  the 
column  of  venous  blood. 

The  whole  length  of  the  vein  may  be  affected,  but  as  a  rule 
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tlie  disease  is  confined  to  one  or  more  segments,  Avhich  are 
not  only  dilated,  but  are  also  increased  in  length,  so  that  they 
become  more  or  less  convoluted.    The  adjacent  loops  of  the 
convoluted  vein  are  often  bound  to- 
gether by  fibrous  tissue.    All  the  coats 
are  thickened,  chiefly  by  an  increased 
development  of  connective  tissue,  and 
in  some  cases  changes  similar  to  those  of 
atheroma  occur.    The  walls  of  varicose 
veins  are  often  exceedingly  brittle.  In 
some  cases  the  thickening  is  uniform, 
and  in  others  it  is  irregular,  so  that  here 
and  there  thin- walled  sacs  or  pouches 
project   from  the  side  of   the  vein 
(Fig.  65).    These  pouches  vary  in  size 
from  a  bean  to  a  hen's  egg,  the  larger 
forms  being  called  venous  cysts,  and 
being  most  commonly  met  with  in  the 
region  of  the  saphenous  opening  and  of 
the  opening  in  the   popliteal  fascia. 
Such  pouches,  being  exposed  to  injury, 
are  frequently  the  seat  of  thrombosis 
(Fig-  66). 

Cliniad  Features. -Y^vix  is  most  j,,^,  65. -Resected  portion  of 
irequently  seen  in  patients  between  Varicose Veiu.showingTorlu- 
puberty  and  the  age  of  thirty,  and  the  °*^ity  unequal  Dilatation, 
sexes  appear  to  suffer  about  equally. 

The  amount  of  discomfort  caused  by  varicose  veins  bears  no 
direct  proportion  to  the  extent  of  the  varicosity.    It  depends 


Fio.  66. -Thrombosis  in  Tortuous  and  Pouclied  Internal  Saphena 
Vein,  in  longitudinal  section. 

rather  upon  the  degree  of  pressure  in  the  veins,  as  is  shown  bv 
tne  tact  that  it  is  relieved  by  elevation  of  the  limb.  When  the 
^vhole  length  of  the  main  trunk  of  the  internal  saphena  is 
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implicated,  the  pressure  in  the  vein  is  high  and  the  patient 
suffers  a  good  deal  of  pain  and  discomfort.  When,  on  the 
contrary,  the  upper  part  of  the  saphena  and  its  valves  are 
intact,  and  only  the  more  distal  veins  are  involved,  the  pressure 
is  not  so  high  and  there  is  comparatively  little  suffering.  The 
usual  complaint  is  of  a  sense  of  weight  and  fulness  in  the 

limb  after  prolonged 
standing  or  walking, 
sometimes  accom- 


panied by  actual  pain, 
from  which  relief  is  at 
once  obtained  by  rais- 
ing the  limb.  Cramp- 
like pains  in  the 
muscles  are  often  asso- 
ciated with  varix  of 
the  deep  veins. 

The    dilated  and 
tortuous  vein  can  be 
readily  seen  and  felt. 
In    advanced  cases, 
bead-like  swellings  are 
sometimes  to  be  de- 
tected over  the  posi- 
tion of  the  valves,  and, 
on  running  the  fingers 
along   the  course  of 
the  vessel,  a  firm  ridge, 
due  to  periphlebitis, 
may  be  detected  on 
each  side  of  the  vein. 
When    the   limb  is 
cedematous,  the  out- 
line of  the  veins  is 
often    obscured,  but 
they  can   be  identi- 
fied on  palpation  as 
tracks.     When  large  veins  are  implicated,  a  dis- 
tinct^mpulse  on  coughing  may  sometimes  be  seen  to  pass 
down  as  far  as  the  knee;  and  if  the  vessel  is  sharp  y  per- 
cussed a  fluid  wave  may  be  detected  passing  both  up  and  down 

the  vein.  ,  ,    ,.   ,    i     j.  j  +1,^ 

If  the  patient  is  placed  on  a  couch  and  the  limb  elevated,  the 
veins  are  emptied,  and  if  pressure  is  then  made  over  the  region 


Fig.  67.— Extensive  Varix  of  Internal  Sapheua 
System  on  Left  Leg,  and  slight  Varix  ot 
External  Sapliena  System  on  Right  Leg. 


gutter-like 
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of  the  saphenous  opening  and  the  patient  allowed  to  stand  up^ 
so  long  as  the  internal  saphena  system  alone  is  involved,  the 
veins  fill  again  very  slowly  from  below.  If  the  external 
saphena  system  also  is  involved,  and  if  communicating  branches- 
are  dilated,  the  veins  fill  up  from  below  more  rapidly.  When, 
the  pressure  over  the  saphenous  opening  is  removed,  the  blood 
rapidly  rushes  into  the  varicose  vessels  from  above  ;  this  i& 
known  as  Trendelenburg's  test. 

The  most  marked  dilatation  usually  occurs  on  the  inner  side 
of  the  limb,  between  the  middle  of  the  thigh  and  the  middle 
of  the  calf,  the  arrangement  of  the  veins  showing  great  variety 
(Fig.  67). 

There  are  usually  one  or  more  bunches  of  enlarged  and 
tortuous  veins  in  the  region  of  the  knee,  and  sometimes  at  the 
ankle.  Frequently  a  large  branch  establishes  a  communication 
between  the  systems  of  the  internal  and  external  saphenous 
veins  in  the  region  of  the  popliteal  space,  or  across  the  front  of 
the  upper  part  of  the  tibia.  The  superficial  position  of  thi& 
last  branch  and  its  proximity  to  the  bone  render  it  very  liable 
to  injury. 

The  small  veins  of  the  skin  often  show  as  fine  blue  streaks 
arranged  in  a  stellate  or  arborescent  manner,  especially  in 
women  who  have  borne  children. 

Complications. — When  the  varicosity  is  of  long  standing,  the 
skin  in  the  lower  part  of  the  leg  sometimes  assumes  a  mahogany- 
brown  or  bluish  hue,  as  a  result  of  the  deposit  of  pigment  in 
the  tissues,  and  this  is  frequently  a  precursor  of  ulceration. 

Chronic  eczema  is  often  met  with  in  the  lower  part  of  the  leg 
in  association  with  varix,  and  is  due  to  interference  with  the 
nutrition  of  the  skin.  The  incompetence  of  the  valves  allows 
the  pressure  in  the  varicose  veins  to  equal  that  in  the  arterioles, 
so  that  the  capillary  circulation  is  impeded.  From  the  same 
cause  the  blood  in  the  deep  veins  is  enabled  to  enter  the  super- 
ficial veins,  where  the  backward  pressure  is  so  great  that  the 
blood  flows  down  again,  and  so  a  vicious  circle  is  established. 
The  blood  therefore  loses  more  and  more  of  its  oxygen,  and  sO' 
fails  to  nourish  the  tissues. 

The  ulcers  associated  with  varicose  veins  have  already  been 
described. 

Hcemorrhage  may  take  place  from  a  varicose  vein  as  a  result, 
of  a  wound  or  of  ulceration  of  its  wall.  Increased  intra-venous 
pressure  produced  by  severe  muscular  strain  may  determine 
rupture  of  a  vein  exposed  in  the  floor  of  an  ulcer.  If  the 
limb  is  dependent,  the  incompetency  of  the  valves  permits  of 
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very  rapid  and  copious  bleeding,  which  may  prove  fatal,  par- 
ticularly if  the  patient  is  intoxicated  when  the  rupture  takes 
place  and  no  means  are  taken  to  arrest  the  haemorrhage.  The 
bleeding  may  at  once  be  arrested  by  elevating  the  limb,  or  by 
applying  pressure  directly  over  the  bleeding  point. 

Phlebitis  and  thrombosis  are  common  sequelse  of  varix,  and 
may  prove  dangerous,  either  by  spreading  into  the  large  venous 
trunks  or  by  giving  rise  to  emboli.  The  larger  the  varix  the 
greater  is  the  tendency  for  a  thrombus  to  spread  upwards  and 
to  involve  the  deep  veins.  Thrombi  usually  originate  in 
venous  cysts  or  pouches,  and  at  acute  bends  on  the  vessel, 
especially  when  these  are  situated  in  the  vicinity  of  the  knee, 
and  are  subjected  to  repeated  injuries — for  example,  in  riding. 
Phleboliths  sometimes  form  in  such  pouches,  and  may  be 
recognised  in  a  radiogram.  In  a  certain  proportion  of  cases, 
especially  in  elderly  people,  the  occurrence  of  thrombosis  leads 
to  cure  of  the  condition  by  the  thrombus  becoming  organised 
and  obliterating  a  segment  of  the  vein. 

Treatment. — At  best  the  treatment  of  varicose  veins  is  only 
palliative,  as  it  is  obviously  impossible  to  restore  to  the  vessels 
their  normal  structure.  The  patient  must  avoid  wearing  any- 
thing, such  as  a  garter,  which  constricts  the  limb,  and  any 
obvious  cause  of  direct  pressure  on  the  pelvic  veins,  such  as  a 
tumour,  persistent  constipation,  or  an  ill-fitting  truss,  should  be 
removed.  Cardiac,  renal,  or  pulmonary  causes  of  venous  con- 
gestion must  also  be  treated,  and  the  functions  of  the  liver 
regulated.  Severe  forms  of  muscular  exertion  and  prolonged 
standing  or  walking  are  to  be  avoided,  and  the  patient  may 
with  benefit  rest  the  limb  in  an  elevated  position  for  a  few 
hours  each  day.  To  support  the  distended  vessels,  a  closely 
woven  silk  or  worsted  stocking,  or  a  light  and  porous  form  of 
elastic  bandage,  applied  as  a  puttee,  should  be  worn.  These 
appliances  should  be  put  on  before  the  patient  leaves  his  bed 
in  the  morning,  and  should  only  be  removed  after  he  lies  down 
again  at  night.  In  this  way  the  vessels  are  never  allowed  to 
become  dilated.  Elastic  stockings,  and  bandages  made  entirely 
of  india-rubber,  are  to  be  avoided.  In  early  and  mild  cases  these 
measures  are  usually  sufficient  to  relieve  the  patient's  discomfort. 

Operative  Treatment. — In  aggravated  cases,  when  the  patient 
is  suffering  pain,  when  his  occupation  is  interfered  with  by 
repeated  attacks  of  phlebitis,  or  when  there  are  large  pouches 
on  the  veins,  operative  treatment  is  called  for.  The  younger 
the  patient  the  clearer  is  the  indication  to  operate.  The 
presence  of  an  ulcer  does  not  contra-indicate  operation;  the 
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ulcer  should  be  excised,  and  the  raw  surface  covered  with 
Thiersch  grafts,  before  dealing  with  the  veins.  It  may  be  neces- 
sary to  operate  to  enable  a  patient  to  enter  any  of  the  public 
services,  even  although  the  condition  gives  him  no  trouble. 

The  operation  of  Trendelenburg  is  especially  appropriate  to 
cases  in  which  the  trauk  of  the  internal  saphena  vein  in  the 
thigh  is  alone  involved.  It  consists  in  exposing  three  or 
four  inches  of  the  vein  in  its  upper  part,  applying  a  ligature 
at  the  upper  and  lower  ends  of  the  exposed  portion,  and,  after 
tying  all  tributary  branches,  resecting  this  portion  of  the  vein. 

The  procedure  of  C.  H.  Mayo  is  adapted  to  cases  in  which 
it  is  desirable  to  remove  longer  segments  of  the  veins.  It 
consists  in  the  employment  of  special  instruments  known  as 
"  ring-enucleators "  or  "  vein-strippers,"  by  means  of  which 
long  portions  of  the  vein  are  removed  through  comparatively 
small  incisions. 

An  alternative  procedure  consists  in  avulsing  segments  of 
the  vein  by  means  of  Babcock's  stylet,  which  consists  of  a 
flexible  steel  rod,  30  inches  in  length,  with  acorn-shaped 
terminals.  The  instrument  is  passed  along  the  lumen  of  the 
segment  to  be  dealt  with,  and  a  ligature  applied  around  the 
vein  above  the  bulbous  end  of  the  stylet  enables  nearly  the 
whole  length  of  the  internal  saphena  vein  to  be  dragged  out  in 
one  piece.  These  methods  are  not  suitable  when  the  veins  are 
brittle,  when  there  are  pouches  or  calcareous  deposits  in  their 
walls,  or  where  there  has  been  much  periphlebitis  binding  the 
coils  together. 

Mitchell  of  Belfast  advises  exposing  the  varices  at  numerous 
points  by  half-inch  incisions,  and,  after  clamping  the  vein 
between  two  pairs  of  forceps,  cutting  it  across  and  twisting 
out  the  segments  of  the  vein  between  adjacent  incisions.  The 
edges  of  the  incisions  are  brought  into  apposition  by  pressure 
with  pads  of  gauze;  and  the  limb  is  firmly  bandaged  from 
below  upwards,  and  kept  in  an  elevated  position.  We  have 
employed  this  method  with  satisfactory  results. 

The  treatment  of  the  complications  of  varix  has  already  been 
considered. 

Angiomata  ^ 

Tumours  of  blood-vessels  may  be  divided,  according  to  the 
nature  of  the  vessels  of  which  they  are  composed,  into  the 
capillary,  the  venous,  and  the  arterial  angiomata. 

^  In  the  descriiition  of  angiomata  we  have  followed  the  teaching  of  the 
late  John  Duncan. 
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Capillary  Angioma 

The  most  common  form  of  capillary  angioma  is  the  naevus  or 
congenital  telangiectasis. 

Nsevus. — A  nsevus  is  a  collection  of  dilated  capillaries,  the 
tifferent  arterioles  and  the  efferent  venules  of  which  often  share 
in  the  dilatation.  As  is  the  case  with  other  tumours,  little  is 
known  regarding  the  etiology  of  naevi  beyond  the  fact  that  they 
are  of  congenital  origin.  They  often  escape  notice  until  the 
child  is  some  days  old,  but  attention  is  usually  drawn  to  them 
within  a  fortnight  of  birth.  I'or  practical  purposes  the  most 
useful  classification  of  naevi  is  into  the  cutaneous,  the  sub- 
cutaneous, and  the  mixed  forms. 

The  cutaneous  ncevus,  "mother's  mark,"  or  "port-wine  stain," 
consists  of  an  aggregation  of  dilated  capillaries  in  the  substance 
of  the  skin.  On  stretching  the  skin  the  vessels  may  be  seen 
to  form  a  fine  network,  or  to  run  in  leashes  parallel  to  one 
another.  A  dilated  arteriole  or  a  vein  winding  about  among 
the  capillaries  may  sometimes  be  detected.  These  ncevi  may 
occur  on  any  part  of  the  body,  but  they  are  most  frequently 
met  with  on  the  face.  They  may  be  multiple,  and  vary  greatly 
in  size,  some  being  no  bigger  than  a  pin-head,  while  others  may 
cover  large  areas  of  the  body.  In  colour  they  may  present 
every  tint  from  purple  to  brilliant  red ;  in  the  majority  there  is 
a  considerable  dash  of  blue,  especially  in  cold  weather. 

Unlike  the  other  forms  of  na3vi,  the  cutaneous  variety  shows 
little  tendency  to  disappear,  and  it  is  especially  persistent  when 
associated  with  hypertrophy  of  the  skin — ncevoid  mole. 

As  the  nevoid  tissue  cannot  be  removed  without  producing 
a  scar,  which  in  most  cases  is  even  more  disfiguring  than  the 
neevus,  treatment  is  very  unsatisfactory.  In  very  small  nsevi, 
igni-puncture  and  escharotics,  such  as  nitric  acid,  have  been 
successfully  employed.  Radium  and  CO^  snow  have  also 
yielded  satisfactory  results  in  some  cases. 

The  purely  subcutaneous  nsevus  is  comparatively  rare.  It 
sometimes  constitutes  a  well-defined,  localised  tumour,  which 
may  possess  a  distinct  capsule,  especially  when  it  has  ceased  to 
grow  or  is  retrogressing.  On  section,  it  presents  the  appearance 
of  a  finely  reticulated  sponge. 

Although  it  may  be  noticed  at  or  within  a  few  days  of  birth, 
a  subcutaneous  ntevus  is  often  overlooked,  especially  when  on  a 
covered  part  of  the  body,  and  may  not  be  discovered  till  the 
patient  is  some  years  old.  It  forms  a  rounded,  lobulated 
swelling,  seldom  of  large  size,  and  the  skin  over  it  is  normal  in 
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appearance,  or  may  exhibit  a  bluish  tinge,  especially  in  cold 
weather.  The  tumour  may  be  diminished  by  pressing  the  blood 
out  of  it,  but  slowly  fills  again  when  the  pressure  is  relaxed,  a,nd 
it  may  swell  up  when  the  child  struggles  or  cries,  features  which 
serve  to  distinguish  it  clinically  from  such  subcutaneous  swellings 
as  fatty,  cystic,  and  sarcomatous  tumours.  From  a  cold  abscess 
it  is  diagnosed  by  the  history  and  progress  of  the  swelling  and 
by  the  absence  of  fluctuation.  When  situated  over  one  of 
the  hernial  openings,  a  subcutaneous  nsevus  may  closely  simu- 


FiG.  68. — Mixed  Nsevus  of  Nose,  which  was  subsequently  cm-ed 
by  Electrolysis. 


late  a  hernia;  and  when  it  occurs  in  the  middle  line  of  the 
face,  head,  or  back,  it  may  be  mistaken  for  such  other  con- 
genital conditions  as  meningocele  or  spina-bifida.  When  other 
means  fail,  the  use  of  an  exploring  needle  may  clear  up  the 
diagnosis. 

Mixed  Noivus. — -As  its  name  indicates,  the  mixed  niBvus 
partakes  of  the  characters  of  the  other  two  varieties ;  that  is, 
it  is  a  subcutaneous  naevus  which  involves  the  skin. 

It  is  frequently  met  with  on  the  face  and  head,  Init  may 
occur  on  any  part  of  the  body.  It  sometimes  affects  parts 
covered  by  mucous  membrane,  such  as  the  cheek,  tongue,  and 


304 


THE  BLOOD-VESSELS 


soft  palate.  The  swelling  is  rounded  or  lobulated,  and  projects 
beyond  the  level  of  its  surroundings.  Sometimes  the  skin  is 
invaded  by  the  nsevoid  tissue  over  the  whole  extent  of  the 
tumour,  sometimes  only  over  a  limited  area.  Frequently  the 
margin  only  is  of  a  bright-red  colour,  while  the  skin  over  the 
centre  resembles  a  cicatrix.  Like  a  subcutaneous  naevus,  the 
swelling  can  be  reduced  by  steady  pressure,  and  increases  in 
size  and  becomes  tense  when  the  child  cries. 

Prognosis. — The  rate  of  growth  of  the  subcutaneous  and 
mixed  forms  of  nsevi  varies  greatly.    They  sometimes  increase 


Fig.  69.— Electrolysis  of  Nsbvus  uuder  Chloroform  Antesthesia. 


very  rapidly,  especially  during  the  fir.t  few  months  of  life  ; 
after  this  they  usually  grow  at  the  same  rate  as  the  child,  or 
more  slowly.  There  is  a  decided  tendency  to  spontaneous 
disappearance  of  these  varieties,  fully  50  per  cent,  undergoing 
natural  cure  by  a  process  of  obliteration,  similar  to  the  oblitera- 
tion of  vessels  in  cicatricial  tissue.  This  usually  begins  about 
the  period  of  the  first  dentition,  sometimes  at  the  second 
dentition,  and  sometimes  at  puberty.  On  the  other  hand,  an 
increased  activity  of  growth  may  be  shown  at  these  periods. 
The  onset  of  natural  cure  is  recognised  by  the  tumour  becoming 
firmer  and  less  compressible,  and,  in  the  mixed  variety,  by  the 
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colour  becoming  less  bright.  Injury,  inflammation,  or  ulceration 
of  the  overlying  skin  may  initiate  the  curative  process. 

Towards  adult  life  the  spaces  in  a  subcutaneous  nasvus  may 
become  greatly  enlarged,  leading  to  the  formation  of  a  cavernous 
angioma. 

Treatment. — In  view  of  the  frequency  with  which  sub- 
cutaneous and  mixed  nsevi  disappear  spontaneously,  inter- 
ference is  only  called  for  when  the  growth  of  the  tumour  is 
out  of  proportion  to  that  of  the  child,  or  when,  from  its  situa- 
tion— for  example,  in  the  vicinity  of  the  eye — any  marked 
increase  in  its  size  would  render  it  less  amenable  to  treatment. 

The  methods  of  treatment  most  generally  applicable  are 
igni-puncture,  electrolysis,  and  excision,  and  more  recently  the 
use  of  radium  and  carbon  dioxide  snow. 

For  large  nsevi  situated  on  an  exposed  part  of  the  body, 
where  it  is  desirable  to  avoid  a  scar,  either  igni-puncture  or 
electrolysis  is  to  be  preferred.  Excision  is  better  when  the 
nsevus  is  on  a  part  covered  by  the  clothes.  The  application  of 
radium  and  of  carbon  dioxide  snow  has  largely  replaced  these 
older  methods. 

Igni-puncture  consists  in  making  a  number  of  punctures  at 
different  parts  of  the  nsevus  with  a  fine-pointed  Paquelin's 
thermo-cautery,  with  the  object  of  starting  at  each  point  a 
process  of  cicatrisation  which  extends  throughout  the  naevoid 
tissue  and  so  obliterates  the  vessels. 

Electrolysis  acts  by  decomposing  the  blood  and  tissues  into 
their  constituent  elements — oxygen  and  acids  appearing  at  the 
positive,  hydrogen  and  bases  at  the  negative  electrode.  These 
substances  and  gases  being  given  off  in  a  nascent  condition,  at 
once  enter  into  new  combinations  with  anything  in  the  vicinity 
with  which  they  have  a  chemical  affinity.  In  the  nsevus  the 
practical  result  of  this  reaction  is  that  at  the  positive  pole 
nitric  acid,  and  at  the  negative  pole  caustic  potash,  both  in  a 
state  of  minute  subdivision,  make  their  appearance.  The  effect 
on  the  tissues  around  the  positive  pole,  therefore,  is  equivalent 
to  that  of  an  acid  cauterisation,  and  on  those  round  the  neo-ative 
pole,  to  an  alkaline  cauterisation.  ° 

As  the  process  is  painful,  a  general  anaesthetic  is  necessary, 
ihe  current  used  should  be  from  20  to  80  milliamp^res,  gradu- 
ally increasing  from  zero,  without  shock;  three  to  six  larcre 
■Bunsen  cells  give  a  sufficient  current,  and  no  galvanometer  Is 
required  Steel  needles,  insulated  with  vulcanite  to  within  an 
eight  1  of  an  inch  of  their  points,  are  the  best.  Both  poles  are 
introduced  into  the  nsevus,  the  positive  being  kept  fixed  at  one 
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spot,  while  the  negative  is  moved  about  inside  the  tumour, 
so  as  to  produce  a  number  of  different  tracks  of  cauterisation. 
On  no  account  must  either  pole  be  allowed  to  come  in  contact 
with  the  skin,  lest  a  slough  be  formed.  The  duration  of  the 
sitting  is  determined  by  the  effect  produced,  as  indicated  by 
the  hardening  of  the  tumour,  the  average  duration  being  from 
fifteen  to  twenty  minutes.  If  pallor  of  the  skin  appears,  it 
indicates  that  the  needles  are  too  near  the  surface,  or  that  the 
blood-supply  to  the  integument  is  being  cut  off,  and  is  an 
indication  to  stop.  To  cauterise  the  track  and  .so  prevent 
bleeding,  the  needles  should  be  slowly  withdrawn  while  the 
current  is  flowing.  When  the  skin  is  reached  the  current  is 
turned  off.  The  punctures  are  covered  with  collodion.  Six 
or  eight  weeks  should  be  allowed  to  elapse  before  repeating 
the  procedure.  From  two  to  eight  or  ten  sittings  may  be 
necessary,  according  to  the  size  and  character  of  the  nsevus. 

Excision  is  to  be  preferred  for  nsevi  of  moderate  size  situated 
on  covered  parts  of  the  body,  where  a  scar  is  of  no  importance. 
When  only  a  small  proportion  of  the  naevus  is  cutaneous,  the 
invaded  piece  of  skin  may  be  removed  with  the  tumour.  Its 
chief  advantages  over  electrolysis  are  that  a  single  operation  is 
sufficient,  and  that  the  cure  is  more  speedy  and  certain.  The 
operation  is  attended  with  much  less  haemorrhage  than  might 
be  expected. 

Cavernous  Angioma. — This  form  of  angioma  consists  of  a 
series  of  large  blood  spaces  which  are  usually  derived  from  the 
dilatation  of  the  capillaries  of  a  subcutaneous  nasvus.  The 
spaces  come  to  communicate  freely  with  one  another  by  the 
disappearance  of  adjacent  capillary  walls.  While  the  most 
common  situation  is  in  the  subcutaneous  tissue,  cavernous 
angiomata  are  sometimes  met  with  in  internal  organs.  It  may 
appear  at  any  age  from  early  youth  to  middle  life,  and  is  of 
very  slow  growth.  The  swelling  is  rounded  or  oval,  there  is 
no  pulsation  or  bruit,  and  the  tumour  is  but  slightly  com- 
pressible.   The  treatment  consists  in  dissecting  out  the  tumour. 

Aneurysm  by  Anastomosis  is  the  name  applied  to  a  vas- 
cular tumour  iu  which  the  arteries,  veins,  and  capillaries  are 
all  involved.  It  is  met  with  chiefly  on  the  upper  part  of  the 
trunk,  the  neck,  and  the  scalp.  It  tends  gradually  to  increase 
in  size,  and  may,  after  many  years,  attain  an  enormous  size. 
The  tumour  is  ill-defined,  and  varies  in  consistence.  It  is  pul- 
satile, and  a  systolic  bruit  or  a  "  thrilling  "  murmur  may  be 
heard  over  it.  The  chief  risk  is  haemorrhage  from  injury  or 
ulceration. 
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The  treatment  is  conducted  on  the  same  lines  as  for  nsevus. 
When  electrolysis  is  employed,  it  should  be  directed  towards 
the  afferent  vessels ;  and  if  it  fails  to  arrest  the  flow  through 
these,  it  is  useless  to  persist  with  it.  In  some  cases  ligation  of 
the  afferent  vessels  has  been  successful. 

Arterial  Angioma  or  Cirsoid  Aneurysm. — This  is  composed 
entirely  of  the  enlarged  branches  of  an  arterial  trunk.  The 
condition  originates  in  the  smaller  branches  of  an  artery — 
usually  the  temporal — and  may  spread  to  the  main  trunk,  and 


Fig.  70.— Cirsoid  Aneurysm  of  Orbit  and  Face,  wliich  developed  after  a 
blow  on  tlie  Orbit  with  a  cricket  ball, 
(From  a  photograph  lent  by  Mr.  J.  M.  Cotterill.) 

may  even  involve  branches  of  other  trunks  with  which  the 
altected  artery  anastomoses. 

The  condition  is  probably  congenital  in  origin,  though  its 
appearance  is  frequently  preceded  by  an  injury.  It  almost 
mvariably  occurs  on  the  head,  and  is  usually  met  with  in 
adolescents  or  young  adults. 

oh Jrl'f  ""^r^"?,  Tf^  '^""^^^  ^i^e,  and  become 

characteristica  ly  tortuous,  with  narrowings  and  dilatations  here 
and  there.  Grooves  or  gutters  are  frequently  found  in  the 
bone  underlying  the  dilated  vessels. 

tronb^r  fi '^'''i*  ^hioh  greatly 

troubles  the  patient  and  may  interfere  with  sleejx    There  is 
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no  tendency  either  to  natural  cure  or  to  rupture,  but  severe, 
and  even  fatal  hsemorrhage  may  follow  a  wound  of  the  dilated 
vessels. 

The  condition  may  be  treated  by  excision  or  by  electrolysis. 
In  excision  the  haemorrhage  is  controlled  by  an  elastic  tourni- 
quet applied  horizontally  round  the  head,  or  by  ligation  of 
the  feeding  trunks.  In  large  tumours  the  bleeding  may  be 
formidable.  In  many  cases  electrolysis  is  to  be  preferred,  and 
is  performed  in  the  same  way  as  for  nsevus.  The  positive  pole 
is  placed  in  the  centre  of  the  tumour,  while  the  negative  is 
introduced  into  the  main  affluents  one  after  another. 


ANEURYSM 

An  aneurysm  is  a  sac  communicating  with  an  artery,  and 
containing  fluid  or  coagulated  blood. 

Two  types  of  aneurysm  are  met  with — the  pathological,  and 
the  traumatic.  It  is  convenient  to  describe  in  this  section  also 
certain  conditions  in  which  there  is  an  abnormal  communication 
between  an  artery  and  a  vein — arterio-venous  aneurysm. 

Pathological  Aneurysm 

In  this  class  are  included  such  aneurysms  as  are  produced  by 
gradual  dilatation  of  an  artery,  resulting  from  weakening  of 
its  coats,  combined,  in  most  cases,  with  a  loss  of  elasticity  m 
the  walls  and  a  marked  increase  in  the  arterial  tension.  In 
the  majority  of  cases  the  weakenmg  of  the  artery  and  the 
diminution  of  the  normal  elasticity  of  its  wall  are  due  to 
atheroma.  In  other  cases  the  vessel  wall  is  softened  by 
arteritis— especially  the  embolic  form— so  that  it  yields  before 
the  pressure  of  the  blood. 

Repeated  and  sudden  raising  of  the  arterial  tension,  as  a 
result,  for  example,  of  violent  muscular  efforts  or  of  frequent 
excessive  indulgence  in  alcohol,  plays  an  important  part  ni 
the  causation  of  aneurysm.  These  factors  probably  explain 
the  comparative  frequency  of  aneurysm  m  those  who  follow 
such  arduous  occupations  as  soldiers,  sailors,  dock-labourers, 
and  navvies.  In  these  classes  the  condition  usually  manifests 
itself  between  the  ages  of  thirty  and  fifty— that  is,  when  the 
vessels  are  beginning  to  degenerate,  although  the  heart  is  still 
vigorous  and  the  men  are  hard  at  work.  The  compara- 
tive immunity  of  women  may  also  be  explained  by  the  less 
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severe  muscular  strain  involved  by  their  occupations  and 
recreations.  Any  cause  that  persistently  increases  the 
vascular  tension  also  favours  aneurysm  formation — -for  examjole, 
plethora,  chronic  alcoholism,  gout,  or  chronic  Bright's  disease. 

Syphilis  plays  an  important  part  in  the  production  of 
aneurysm,  but  the  precise  way  in  which  it  acts  is  doubtful.  It 
may  be  that  it  predisposes  the  patient  to  atheroma,  and  induces 
a  persistent  increase  in  the  vascular  tension  in  the  peripheral 
vessels,  from  loss  of  elasticity  of  the  vessel  wall  and  narrowing 
of  the  lumen  as  a  result  of  syphilitic  arteritis.  It  is  a  striking 
fact  that  aneurysm  is  seldom  met  with  in  women  who  have  not 
suffered  from  syphilis. 

Varieties. — Different  varieties  of  pathological  aneurysm  occur, 
according  as  the  weakening  of  the  wall  is  general  over  a  con- 
siderable segment  of  the  artery,  or  is  localised  in  one  or  more 
limited  areas. 

Fusiform  Aneurysm. — When  the  whole  circumference  of  a 
portion  of  an  artery  has  been  weakened,  the  tension  of  the 
blood  causes  the  walls  to  dilate  uniformly,  so  that  a  fusiform 
or  tubular  aneurysm  results.  All  the  coats  of  the  vessel  are 
stretched  and  form  the  sac  of  the  aneurysm,  and  the  affected 
portion  is  not  only  dilated  but  is  also  increased  in  length.  This 
form  is  chiefly  met  with  in  the  arch  of  the  aorta,  but  may 
occur  in  any  of  the  main  arterial  trunks.  As  the  sac  of  the 
aneurysm  includes  all  three  coats,  and  as  the  inner  and  outer 
coats  are  usually  thickened  by  the  deposit  in  them  of  connective 
tissue,  this  variety  of  aneurysm  increases  in  size  very  slowly  and 
seldom  gives  rise  to  urgent  symptoms. 

As  a  rule  a  fusiform  aneurysm  contains  fluid  blood,  but 
when  the  intima  is  roughened  by  atheroma,  especially  in  the 
form  of  calcareous  plates,  shreds  of  clot  may  adhere  to  it. 

Natural  cure  is  occasionally  effected  by  the  emerging  artery 
becoming  occluded  by  a  clot. 

Sacculated  Aneurysm.— When  a  limited  area  of  the  vessel 
wall  IS  weakened— for  example,  by  atheroma  or  by  other  form 
01  arteritis- this  portion  yields  before  the  pressure  of  the 
Olood,  and  a  sacculated  aneurysm  results.  The  intima  and 
media  being  already  damaged,  or,  it  may  be,  destroyed,  by  the 
primary  disease,  the  stress  falls  on  the  adventitia,  which  in  the 
majority  of  cases  constitutes  the  sac.  To  withstand  the  pressure 
xne  outer  coat  becomes  thickened,  and  as  the  aneurysm  increases 
m  size  it  forms  adhesions  to  surrounding  tissues,  so  that  fascial, 
''?i!'  structures  may  be  found  matted 

together  in  the  wall  of  the  aneurysm.    The  wall  is  further 
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strengthened  by  the  deposit  on  its  inner  aspect  of  blood-clot, 
which  may  eventually  become  organised. 

The  contents  of  the  sac  consist  of  fluid  blood,  and  a 
varying  amount  of  clot,  vrhich  is  deposited  in  concentric 
layers  on  the  inner  aspect  of  the  sac,  where  it  forms  a  pale, 
striated,  firm  mass,  which  constitutes  a  laminated  clot.  Near 
the  blood  current  the  clot  is  soft,  red,  and  friable  (Fig.  71). 
The  laminated  clot  not  only  strengthens  the  sac,  enabling  it  to 
resist  the  blood  pressure  and  so  prevent  rupture,  but,  if  it 
increases  sufficiently  -to  fill  the  cavity,  may  bring  about  cure. 
The  principle  upon  which  all  methods  of  treatment  are  based 
is  to  imitate  nature  in  producing  such  a  clot. 

An  aneurysm  is  said  to  be  diffused  when  the  sac  ruptures 
and  the  blood  escapes  into  the  surrounding  tissues. 


Fig.  71 . —Sacculated  Aneurysm  of  Abdominal  Aorta  nearly  filled  with 
laminated  clot.    Note  greater  density  of  clot  towards  periphery. 

When  one  or  more  of  the  coats  of  the  artery  enter  into  the 
formation  of  the  sac,  the  aneurysm  is  sometimes  called  a  "  true 
aneurysm";  while  the  term  "false"  is  applied  when  all  the 
coats  have  given  way  and  the  sac  is  formed  entirely  by  con- 
densation of  the  surrounding  structures.  These  terms,  however, 
have  been  used  in  so  many  different  senses,  and  are  in  them- 
selves so  misleading,  that  we  do  not  employ  them. 

Dissecting  Aneurysm.— The  blood  may  force  its  way  be- 
tween the  coats  of  the  vessel— sometimes  between  the  intima 
and  media,  but  usually  into  the  substance  of  the  media— and  so 
form  a  cul-de-sac  in  the  substance  of  the  vessel  wall.  This  is 
spoken  of  as  a  dissecting  aneurysm.  It  always  originates  in  the 
aorta,  and  is  confined  to  the  large  branches  in  the  thorax  and 
abdomen,  and  is  not  amenable  to  surgical  treatment. 

Clinical  Features  of  Aneurysm.— Surgically,  the  sacculated 
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is  by  far  the  most  important  variety  of  aneurysm.  The  out- 
standing feature  is  the  existence  in  the  line  of  an  artery  of  a 
more  or  less  globular  swelling,  which  pulsates.  The  pulsation 
is  of  an  expansile  character,  which  is  detected  by  observing 
that  when  both  hands  are  placed  over  the  swelling  they  are 
separated  with  each  beat  of  the  heart.  If  the  main  artery  be 
compressed  on  the  cardiac  side  of  the  swelling,  the  pulsation 
is  arrested  and  the  tumour  becomes  smaller  and  less  tense, 
and  it  may  be  still  further  reduced  in  size  by  gentle  pressure 
being  made  over  it  so  as  to  empty  it  of  fluid  blood.  On  allowing 
the  blood  again  to  flow  through  the  artery,  after  one  or  two 
beats  of  the  heart  the  sac  fills  up  and  the  expansile  pulsation 
returns.  In  most  cases  a  distinct  thrill  is  felt  on  placing  the 
hand  over  the  swelling,  and  a  blowing,  systolic  murmur  may 
be  heard  Avith  the  stethoscope.  It  is  to  be  borne  in  mind 
that  occasionally,  when  the  interchange  of  blood  between  an 
aneurysm  and  the  artery  from  which  it  arises  is  small,  pulsation 
and  bruit  may  be  very  slight  or  even  absent.  This  is  also  the 
case  when  the  sac  contains  a  considerable  quantity  of  clot. 
When  it  becomes  filled  with  clot — consolidated  aneurysm — these 
signs  disappear,  and  the  clinical  features  are  those  of  a  solid 
tumour  lying  in  contact  with  an  artery,  and  transmitting  its 
pulsation. 

A  comparison  of  the  pulse  in  the  artery  beyond  the  seat  of 
the  aneurysm  with  that  in  the  artery  on  the  healthy  side,  shows 
that  on  the  affected  side  the  wave  is  smaller  in  volume,  and 
somewhat  delayed  in  time.  A  pulse  tracing  shows  that  the 
normal  impulse  and  dicrotic  waves  are  lost,  and  that  the  force 
and  rapidity  of  the  tidal  wave  are  diminished. 

An  aneurysm  exerts  pressure  on  the  surrounding  parts, 
Avhich  are  usually  thickened  and  adherent  to  it  and  to  one 
another.  Adjacent  veins  may  be' so  compressed  that  congestion 
and  oedema  of  the  parts  beyond  are  produced.  Pain,  disturb- 
ances of  sensation,  and  muscular  paralyses  may  result  from 
pressure  on  nerves.  Such  bones  as  the  sternum  and  vertebras 
may  undergo  erosion  and  be  absorbed  by  the  gradually  in- 
creasing pressure  of  the  aneurysm.  Cartilage,  on  the  other 
hand,  being  elastic,  yields  before  the  pressure,  so  that  the 
intervertebral  discs  or  the  costal  cartilages  may  escape  while 
the  adjacent  bones  are  destroyed.  The  skin  over  the  aneurysm 
gradually  becomes  thinned  and  stretched,  until  finally  a  slough 
forms,  and  when  it  separates  haemorrhage  takes  place. 

Differential  Diagnosis. — Aneurysm  is  to  be  diagnosed  from 
other  pulsatile  swellings.    Pulsation  is  sometimes  tfansmitted 
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from  a  large  artery  to  a  new  growth,  a  mass  of  enlarged 
lymphatic  glands,  or  an  inflammatory  swelling  which  lies  in 
its  vicinity,  but  the  pulsation  is  not  expansile  as  in  aneurysm 
— a  most  important  point  in  differential  diagnosis.  Such 
swellings  may,  by  appropriate  manipulation,  be  moved  from 
the  artery  in  some  cases  and  the  pulsation  ceases,  and  com- 
pression of  the  artery  on  the  cardiac  side  of  the  swelling, 
although  it  arrests  the  pulsation,  does  not  produce  any  diminu- 
tion in  the  size  or  tension  of  the  swelling,  and  when  the  pres- 
sure is  removed  the  pulsation  is  restored  immediately. 

Fluid  tumours  overlying  an  artery,  such  as  cysts,  abscesses, 
or  enlarged  bursas^  may  simulate  aneurysm  very  closely.  An 
apparent  expansion  may  accompany  the  pulsation,  but  careful 
examination  usually  enables  this  to  be  distinguished  from  the 
true  expansion  of  an  aneurysm.  Compression  of  the  artery 
makes  no  difference  in  the  size  or  tension  of  the  swelling. 

Vascular  tumours,  such  as  sarcomata  and  goitres,  may  yield 
an  expansile  pulsation  and  a  soft,  whiffing  bruit,  but  they 
differ  from  an  aneurysm  in  that  they  are  not  diminished 
in  size  by  compression  of  the  main  artery,  nor  can  they  be 
emptied  by  pressure. 

The  exaggerated  pulsation  sometimes  observed  in  a  normal 
artery — for  example,  the  "pulsating  aorta"  so  often  seen  in 
Avomen  who  suffer  from  dyspeptic  symptoms — should  not  be 
mistaken  for  that  of  an  aneurysm. 

Prognosis. — Natural  cure  of  an  aneurysm  is  usually  brought 
about  by  the  formation  of  laminated  clot,  vfhich  gradually 
increases  in  amount  till  it  fills  the  sac.  Sometimes  a  portion 
of  clot  in  the  sac  may  be  separated  and  become  impacted  as 
an  embolus  in  the  artery  beyond,  leading  to  thrombosis  which 
first  occludes  the  artery  and  then  extends  into  the  sac. 

The  progress  of  natural  cure  is  indicated  clinically  by  the 
aneurysm  becoming  smaller,  firmer,  less  expansile,  and  less 
compressible.  The  murmur  and  thrill  are  also  diminished, 
and  the  pressure  effects  become  less  marked.  "When  the 
cure  is  complete  the  expansile  pulsation  is  lost,  and  there 
remains  a  firm  swelling  attached  to  the  vessel  {coiisolidaied 
aneurysm).  "While  these  changes  are  taking  place  the  col- 
lateral arteries  become  enlarged,  and  an  anastomatic  circulation 
is  established. 

An  aneurysm  may  prove  fatal  by  exerting  pressure  on 
important  structures  adjacent  to  it,  by  causing  syncope,  by 
rupture,  or  from  the  occurrence  of  suppuration.  Pressure 
symptoms  are  usually  most  serious  from  aneurysms  situated  in 
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the  neck,  thorax,  or  skull.  Sudden  fatal  sijncope  is  not  in- 
frequent in  cases  of  aortic  and  other  large  aneurysms. 

Euptiire  may  take  place  through  the  skin,  on  a  mucous  or 
serous  surface,  or  into  the  cellular  tissue.  The  first  haemorrhage 
is  often  comparatively  slight  and  stops  naturally,  but  it  soon 
recurs,  and  is  so  profuse,  especially  when  the  blood  escapes 
externally  or  into  a  large  cavity,  that  it  rapidly  proves  fatal. 
"When  the  bleeding  takes  place  into  the  cellular  tissue,  the 
aneurysm  is  said  to  become  diffused,  and  the  extravasated  blood 
may  spread  widely  through  the  tissues,  exerting  great  pressure 
on  the  surrounding  structures. 

The  clinical  features  associated  with  rupture  of  an  aneurysm 
are  sudden  and  severe  pain  in  the  part,  the  patient  becoming 
pale,  cold,  and  faint.  If  a  comparatively  small  escape  of  blood 
takes  place  into  the  tissues,  the  sudden  alteration  in  the  size, 
shape,  and  tension  of  the  aneurysm,  together  with  loss  of 
pulsation,  may  be  the  only  local  signs.  When  the  bleeding 
is  profuse,  however,  the  parts  beyond  the  aneurysm  become 
greatly  swollen,  livid,  and  cold,  and  the  pulses  as  a  rule  are 
completely  lost.  At  the  same  time  the  characteristic  signs  of 
aneurysm  disappear.  The  arrest  of  the  blood-supply  may 
result  in  gangrene.  Sometimes  the  pressure  of  the  extra- 
vasated blood  causes  the  skin  to  slough  and,  later,  give  way, 
and  fatal  hasmorrhage  results. 

The  freatmeiit  is  carried  out  on  the  same  lines  as  for  a 
ruptured  artery  (p.  270),  the  main  object  being  to  avert 
gangrene  of  the  limb. 

Sup2mration  may  occur  in  the  vicinity  of  an  aneurysm,  and 
the  aneurysm  may  burst  into  the  abscess  which  forms,  so  that 
when  the  latter  points  the  pus  is  mixed  with  broken-down 
blood-clot,  and  finally  free  haemorrhage  takes  place.  It  has 
more  than  once  happened  that  even  eminent  surgeons  have 
incised  such  abscesses  without  having  recognised  their  associa- 
tion with  aneurysm,  with  tragic  results. 

Treatment. — In  treating  an  aneurysm,  the  indications  are  : 
to  promote  the  coagulability  of  the  blood,  and  so  to  favour 
the  formation  of  a  clot  in  the  sac ;  and  to  obtain  a  permanent 
occhisiou  of  the  portion  of  the  artery  from  which  the  aneurysm 
springs,  Avithout  at  the  same  time  seriously  endangering  the 
nutrition  of  the  parts  beyond. 

Constitutional  Treatment  should  be  tried  in  the  first  instance, 
measures  being  taken  to  reduce  the  arterial  tension  and  to 
Jimmish  the  force  of  the  heart's  action.  The  patient  must  be 
kept  m  bed  at  absolute  rest.    A  dry  and  non-stimulating  diet 
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is  indicated,  the  quantity  being  gradually  reduced  till  it  is 
just  sufficient  to  maintain  nutrition.  Saline  purges  may  be 
employed  to  reduce  the  vascular  tension.  The  benefit  derived 
from  potassium  iodide  administered  in  full  doses,  as  first 
recommended  by  George  W.  Balfour,  probably  depends  on 
its  depressing  action  on  the  heart.  Pain  or  restlessness  may 
call  for  the  use  of  opiates. 

Local  Treatment. — When  constitutional  treatment  fails,  local 
measures  must  be  adopted,  and  many  methods  are  available. 

Extirpation  of  the  Sac — The  Old  Operation. — The  procedure 
which  goes  by  this  name  consists  in  exposing  the  aneurysm, 
incising  the  sac,  clearing  out  the  clots,  and  ligating  the  artery 
above  and  below  the  sac.  In  some  instances  the  sac  is  then 
dissected  out  and  removed ;  in  others  it  is  left  to  contract. 
Where  it  is  available  this  is  the  most  radical  and  the  most 
certain  method  of  treatment.  Originally  practised  by  Antyllus 
(a.d.  300)— hence  the  name  ■"  old  operation  " — the  procedure 
was  revived  by  Syme,  and  has  been  widely  practised  by 
Annandale  and  others.  This  method  is  particularly  suitable 
to  all  forms  of  sacculated  aneurysm  of  the  limbs,  so  long  as 
they  are  tolerably  circumscribed  and  free  from  complications. 
It  has  been  successfully  practised  also  in  aneurysm  of  the 
subclavian,  carotid,  and  external  iliac  arteries.  It  is  not 
applicable  to  cases  in  which  there  is  such  a  degree  of  ather- 
oma as  would  interfere  with  the  successful  ligation  of  the 
artery. 

In  the  neck  and  in  other  situations  where  a  tourniquet 
cannot  be  employed,  the  sac  must  be  incised,  and  a  finger 
quickly  passed  into  the  lumen  of  the  artery  so  as  to  plug  it  and 
prevent  bleeding  while  the  clots  are  being  turned  out  and  the 
ligatures  applied.  The  risk  from  hsemorrhage  renders  this  one 
of  the  most  formidable  operations  of  surgery. 

In  the  limbs,  the  circulation  is  controlled  by  a  tourniquet— 
preferably  that  of  Petit,  which  can  be  rapidly  slackened  and 
tightened  as  may  be  necessary.  The  aneurysm  is  freely 
exposed,  and,  after  the  vessel  has  been  ligated  above  and 
below,  the  sac  is  opened  and  the  clots  turned  out.  The  sac 
is  then  dissected  away,  any  vessels  coming  off  from  it  being 
tied,  or  it  is  left  to  contract  according  to  circumstances.  If 
the  vein  is  adherent  to  the  sac,  as  is  frequently  the  case,  the 
adherent  portion  may  be  removed.  Experience  proves  that  the 
removal  of  a  limited  portion  of  both  artery  and  vein  at  the  same 
time  is  not  necessarily  followed  by  gangrene,  so  long  as  infection 
is  excluded. 
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When,  on  account  of  adhesions,  there  is  difficulty  in  applying 
the  ligature  to  the  artery  after  opening  and  emptying  the  sac, 
a  bougie  may  be  passed  into  the  lumen  of  the  vessel  and  the 
ligature  thrown  round  it  with  the  aid  of  an  aneurysm  needle,  the 
bougie  being  withdrawn  as  the  ligature  is  tightened  (Annandale). 
This  manoeuvre  may  be  repeated  at  the  distal  end. 

Endo-aneurysmorraphy. — Matas  of  New  Orleans  has  intro- 
duced methods  of  operating  for  aneurysm  which,  in  suitable 
cases,  render  it  possible,  while  getting  rid  of  the  sac,  to  preserve 
the  lumen  of  the  artery. 

Ligation  of  the  Artery. — The  principle  of  this  operation  is 
to  arrest,  or  so  far  to  diminish,  the  flow  of  blood  through  the 
aneurysmal  part  of  the  artery,  that  coagulation  takes  place  in 
the  sac  and  extends  into  and  occludes  the  artery. 

The  ligature  may  be  applied  on  the  cardiac  side  of  the 
aneurysm,  either  immediately  above  the  sac  (Anel,  1710)  or  at 
some  distance  above  (John  Hunter,  1785). 

Proximal  Ligation. — The  chief  claim  of  the  Hunterian 
operation  is  its  simplicity,  the  ligature  being  applied  to  a 
healthy  part  of  the  artery  whose  relations  are  undisturbed  by 
the  proximity  of  the  aneurysm — for  example,  ligation  of  the 
femoral  in  Scarpa's  triangle  or  in  Hunter's  canal,  for  popliteal 
aneurysm. 

By  this  method  the  cure  is  not  certain,  however,  as  the 
distance  between  the  seat  of  ligation  and  the  sac  favours  the 
establishment  of  a  collateral  circulation  through  intervening 
branches,  and  this,  while  it  diminishes  the  risk  of  gangrene, 
permits  the  access  of  blood  to  the  aneurysm  before  there  is 
time  for  an  occluding  clot  to  be  formed.  Even  when  a  clot 
forms  it  may  be  only  temporary,  and  may  disappear,  so  that 
pulsation  in  the  sac  returns.  This  "  recurrent  pulsation  "  after 
ligation  of  an  artery  may  be  due  to  imperfect  occlusion  of  the 
vessel  at  the  seat  of  ligation,  to  the  rapid  establishment  of  a 
free  collateral  circulation,  or  to  the  dispersion  of  the  clot 
which  temporarily  occluded  the  artery. 

Distal  Ligation. — One  or  more  branches  may  be  ligated  on 
the  distal  side  of  the  aneurysm,  so  as  totally  to  arrest  "the  flow 
through  the  sac  (Brasdor,  1760)— for  example,  in  aneurysm  of 
the  proximal  end  of  the  common  carotid  the  vessel  may  be 
hgated  near  its  bifurcation.  The  distal  operation  may  also  be 
performed  merely  to  diminish  the  quantity  of  blood  passing 
through  the  affected  artery  without  completely  stopping  the 
stream  (Wardrop,  182.5)— for  example,  in  innominate  aneurysm 
the  common  carotid  and  third  part  of  the  subclavian  may  be 
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tied,  the  branches  of  the  first  part  of  the  subclavian  not 
being  interfered  witli. 

Compression. — With  a  view  to  promoting  coagulation  in  the 
sac,  the  circulation  may  be  temporarily  arrested  by  compressing 
the  artery  on  the  cardiac  side  of  the  aneurysm.  To  be  efficient 
the  compression  must  be  kept  up  continuously  for  several  hours, 
and  this  is  best  accomplished  by  digital  pressure  applied  over 
a  superficial  part  of  the  vessel  where  it  overlies  a  bone.  The 
results,  however,  are  so  uncertain  that  the  procedure  has  been 
given  up  almost  entirely. 

Flexion. — In  small  and  slowly  growing  aneurysms  at  the  bend 
of  the  elbow  or  in  the  popliteal  space,  the  circulation  may  be 
arrested  and  coagulation  induced  by  flexing  the  joint  so  that 
the  sac  is  pressed  against  the  artery,  and  the  artery  slightly 
kinked.  This  method  is  rarely  employed  alone,  but  chiefly  as 
an  adjuvant  to  others,  as,  for  example,  when  pulsation  threatens 
to  return  after  the  Hunterian  operation  has  been  performed. 
Before  being  flexed,  the  limb  is  bandaged  up  to  the  level  of  the 
aneurysm,  and  the  flexed  attitude  is  maintained  for  several 
hours. 

Reid's  Method  hij  Elastic  Bandage. — An  elastic  bandage  is 
firmly  applied  from  the  fingers  or  toes  to  just  below  the 
aneurysm,  it  is  lightly  applied  as  it  passes  over  the  swelling, 
and  again  tightened  above.  As  the  circulation  through  the 
limb  is  thus  completely  arrested,  the  bandage  must  not  be  left 
•on  for  more  than  an  hour,  for  fear  of  inducing  gangrene.  As 
the  bandage  is  being  removed  the  artery  should  be  controlled 
by  digital  pressure  to  prevent  a  sudden  inflow  of  blood  disturb- 
ing the  clot  which  may  have  formed.  This  pressure  should  be 
maintained  for  some  hours. 

Other  Methods  of  Treatment.— In  such  aneurysms  as  inno- 
minate, aortic,  gluteal,  or  vertebral,  which  are  so  situated  that 
the  methods  already  described  are  impracticable,  one  or  other 
■of  the  following  measures  may  be  employed. 

Maceioen's  acupuncture  or  "needling"  method  consists  in 
passing  one  or  more  fine,  highly  tempered  steel  needles  through 
the  tissues  overlying  the  aneurysm,  and  through  its  outer  mmII. 
The  needles  are  made  to  touch  the  opposite  wall  of  the  sac, 
and  the  pulsation  of  the  aneurysm  imparts  a  movement  to 
them  which  causes  them  to  scarify  the  inner  surface  of  the 
•sac.  Granulations  form  on  the  rough  surface  produced,  and 
on  these  the  blood  coagulates,  the  clot  thus  formed  increasing 
in  size  till  it  fills  the' sac.  As  much  of  the  inner  aspect  of 
the  sac  as  can  be  reached  should  be  scarified  in  this  way,  to 
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increase  the  area  of  granulation  tissue  formation  and  to 
render  the  clot  iiniformly  thick.  The  needles  may  be  left  in 
position  for  some  hours,  the  projecting  ends  being  surrounded 
with  sterile  gauze. 

Electrolysis  is  applied  to  an  aneurysm  in  the  same  way  as  to 
a  nsevus.  The  insulated  needles  are  passed  in  the  same  way  as 
Macewen's  needles,  and  the  results  seem  to  be  best  when  the 
needle  is  made  to  scratch  the  wall  of  the  sac — a  combination  of 
"  needling  "  and  galvano-puncture. 

The  Moore-Corradi  method  consists  in  introducing  through 
the  wall  of  the  aneurysm  a  hollow  insulated  needle,  through 
the  lumen  of  which  from  ten  to  twenty  feet  of  highly  drawn 
silver  or  other  wire  is  passed  into  the  sac,  where  it  coils  up  into 
an  open  meshwork.  The  positive  pole  of  a  galvanic  battery 
is  attached  to  the  whe,  and  the  negative  pole  placed  over  the 
patient's  back.  A  current,  varying  in  strength  from  twenty  to 
seventy  milliamperes,  is  allowed  to  flow  for  about  an  hour. 
The  hollow  needle  is  then  withdrawn,  but  the  wire  is  left  m 
situ.  The  results  are  somewhat  similar  to  those  obtained  by 
needling  and  by  electrolysis,  but  the  clot  formed  on  the  large 
coil  of  wire  is  more  extensive. 

Subcutaneous  Injections  of  Gelatin. — This  method  of  treating 
inoperable  cases  of  sacculated  aneurysm  of  the  large  arteries 
is  based  on  the  fact  that  a  solution  of  gelatin  introduced  into 
the  circulation  increases  the  coagulability  of  the  blood.  Three 
or  four  ounces  of  a  2  per  cent,  solution  of  white  gelatin  in 
sterilised  water,  at  a  temperature  of  about  100°  F.,  are  injected 
into  the  subcutaneous  tissue  of  the  abdomen  every  two,  three, 
or  four  days.  In  the  course  of  a  fortnight  or  three  weeks  im- 
provement may  begin.  The  clot  which  forms  is  liable  to  soften 
and  be  absorbed,  but  a  repetition  of  injections  has  in  several 
cases  established  a  permanent  cure. 

Amputation  of  the  limb  is  indicated  chiefly  in  cases  complicated 
by  suppuration,  by  secondary  haemorrhage  after  excision  or 
ligation,  or  by  gangrene.  Amputation  at  the  shoulder  was 
performed  by  Fergusson  in  a  case  of  subclavian  aneurysm,  as 
a  means  of  arresting  the  blood-flow  through  the  sac. 


Traumatic  Aneurysm 

The  essential  feature  of  a  traumatic  aneurysm  is  that  it  is 
produced  by  some  form  of  injury  which  divides  all  the  coats  of 
the  artery.  The  walls  of  the  injured  vessel  are  usually  healthy, 
but  they  form  no  part  of  the  sac  of  the  aneurysm.    The  sac 
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consists  of  tlie  condensed  and  thickened  soft  tissues  which 
surround  the  artery. 

The  injury  to  the  artery  may  be  of  the  nature  of  a  sub- 
cutaneous wound  or  tear,  such  as  is  produced  by  the  fragments 
•of  a  broken  bone,  or  it  may  be  a  punctured  wound  from  a  stab 
or  cut.  Only  small  wounds  of  arteries  give  rise  to  traumatic 
aneurysm,  as  extensive  wounds  are  attended  with  a  sudden  and 
profuse  haemorrhage  into  the  cellular  tissue  which  shows  no 
tendency  to  become  limited. 

The  aneurysm  may  form  soon  after  the  injury  is  inflicted  ; 
blood  slowly  escapes  into  the  surrounding  tissues,  gradually 
■displacing  and  condensing  them,  until  they  form  a  distinct  sac 
■enclosing  the  effused  blood.  Towards  the  periphery  the  blood 
•coagulates,  and,  being  under  considerable  pressure,  the  clot 
becomes  condensed. 

Less  frequently  a  traumatic  aneurysm  forms  some  consider- 


FiG.  72.— Traumatic  Aneurysm  of  Brachial  Artery,  in  a  girl  a;t.  16,  caused 
by  stab  -with  pen-knife. 

able  time  after  the  injury,  from  gradual  stretching  of  the 
fibrous  cicatrix  by  which  the  wound  in  the  wall  of  the  artery 
has  been  closed.  The  gradual  stretching  of  this  cicatrix  results 
in  condensation  of  the  surrounding  structures  which  form 
the  sac,  on  the  inner  aspect  of  which  laminated  clot  is 
•deposited. 

A  traumatic  aneurysm  is  almost  always  sacculated,  and,  so 
long  as  it  remains  circumscribed,  has  the  same  characters  as  a 
pathological  sacculated  aneurysm,  with  the  addition  that  there 
may  be  external  evidence  of  a  wound.  A  traumatic  aneurysm 
is  very  liable  to  become  diffuse — a  change  which,  although 
attended  with  considerable  risk  of  gangrene,  has  sometimes 
been  the  means  of  bringing  about  a  cure. 

The  treatment  is  governed  by  the  same  principles  as  apply 
to  the  pathological  varieties,  but  as  the  walls  of  the  artery  are 
not  atheromatous,  operative  measures  dealing  with  the  sac 
and  the  adjacent  segment  of  the  affected  artery  are  to  be 
preferred. 
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Arterio- Venous  Aneurysm 

An  abnormal  communication  between  an  artery  and  a  vein 
constitutes  an  arterio-venous  aneurysm.  Two  varieties  are 
recognised — one  in  which  the  communication  is  direct — 
aneurysmal  varix  (Fig.  73) ;  the  other  in  which  the  vein 
communicates  with  the  artery  through  the  medium  of  an 
aneurysmal  sac — varicose  aneurysm  (Fig.  74). 


Either  variety  may  result  from  pathological  causes,  but  in 
the  vast  majority  of  cases  they  are  traumatic  in  origin,  beino- 
-due  to  such  injuries  as  stabs,  punctured  wounds,  and  gun-shot 
injuries  which  involve  both  artery  and  vein.  In  former  times 
the  most  common  situation  was  at  the  bend  of  the  elbow,  the 
brachial  artery  having  been  accidentally  punctured  in  bl'ood- 
lettmg  from  the  median  basilic  vein.  Arterio-venous  aneurysm 
IS  a  frequent  result  of  injuries  by  modern  high-velocity  bullets 
for  example,  in  the  neck  or  groin.  ' 

In  aneurysmal  varix  (Yig.  73)  the  higher  blood  pressure  in 
the  artery  forces  arterial  blood  into  the  vein,  which  near  the 
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point  of  communication  with  the  artery  tends  to  become  dilated, 
and  to  form  a  thick-walled  sac,  beyond  which  the  vessel  and 
its  tributaries  are  distended  and  tortuous.  The  clinical  features 
of  aneurysmal  varix  resemble  those  associated  with  varicose 
veins,  but  the  entrance  of  arterial  blood  into  the  dilated  veins 
causes  them  to  pulsate,  and  produces  in  them  a  marked 
vibratory  thrill  and  a  loud  murmur. 

As  the  varix  tends  to  remain  stationary,  in  the  majority  of 
cases  the  support  of  an  elastic  bandage  is  all  that  is  required, 
but  when  the  condition  progresses  and  causes  serious  incon- 
venience, it  may  be  necessary  to  cut  down  and  expose  the  site 
of  communication  between  the  artery  and  vein,  and,  after 
separating  the  vessels,  to  close  the  opening  in  each  by  a 
fine  suture.  The  operation  is  difficult  and  dangerous,  and 
gangrene  may  ensue.  If  it  is  impossible  thus  to  obliterate 
the  communication,  the  artery  should  be  ligated  above  and 
below  the  point  of  communication. 

Varicose  aneurijsm  (Fig.  74)  usually  develops  in  relation  to  a 
traumatic  aneurysm,  the  sac  laecoming  adherent  to  an  adjacent 
vein,  and  ultimately  opening  into  it.  In  this  way  a  com- 
munication between  the  artery  and  the  vein  is  established,  and 
the  clinical  features  are  those  of  a  combination  of  aneurysm 
and  aneurysmal  varix. 

As  there  is  little  tendency  to  spontaneous  cure,  and  as  the 
aneurysm  is  liable  to  increase  in  size  and  finally  to  rupture, 
operative  treatment  is  usually  called  for.  This  consists  in 
applying  a  ligature  to  the  artery  above  and  below  the  point  of 
communication,  and  at  the  same  time  incising  the  sac,_turniDg 
out  the  clots,  and  ligating  any  branches  which  open  into  the 
sac.    If  it  can  be  avoided,  the  vein  should  not  be  ligated. 


ANEURYSMS  OF  INDIVIDUAL  ARTERIES 

Thoracic  Aneurysm. — All  varieties  of  aneurysm  occur  in 
the  aorta,  the  fusiform  being  the  most  common,  although 
a  sacculated  aneurysm  frequently  springs  from  a  fusiform 
dilatation. 

The  clinical  features  depend  chiefiy  on  the  direction  in  which 
the  aneurysm  enlarges,  and  are  not  always  well  marked  even 
when  the  sac  is  of  considerable  size.  They  consist  in  a 
pulsatile  swelling— sometimes  in  the  episternal  notch,  but 
usually  towards  the  right  side  of  the  sternum— with  an  increased 
area  of  dulness  on  percussion.    With  the  X-rays  a  dark  shadow 
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is  seen  corresponding  to  the  aneurysm.  Pain  is  usually  a 
prominent  symptom,  and  is  largely  referable  to  the  pressure  of 
the  aneurysm  on  the  vertebral  column  or  the  sternum,  causing 
erosion  of  these  bones.  Pressure  on  the  thoracic  veins  and  on 
the  air-passages  may  cause  cyanosis  and  dyspnoea.  When  the 
cesophagus  is  pressed  upon,  the  patient  may  have  difficulty  in 
swallowing.  The  left  recurrent  laryngeal  nerve  may  be 
stretched  or  pressed  upon  as  it  hooks  round  the  arch  of  the 
aorta,  and  hoarseness  of  the  voice  and  a  characteristic  "brassy  " 
cough  may  result  from  paralysis  of  the  muscles  of  the  larynx- 
which  it  supplies.  The  vagus,  the  phrenic,  and  the  spinal 
nerves  may  also  be  pressed  upon.  When  the  aneurysm  is  on 
the  transverse  part  of  the  arch,  the  trachea  is  pulled  down  with 
each  beat  of  the  heart — a  clinical  phenomenon  known  as  the 
"  tracheal  tug."  Aneurysm  of  the  descending  aorta  may,  after 
having  eroded  the  bodies  of  the  vertebrae  and  posterior  portions 
of  the  ribs,  form  a  swelling  in  the  back  to  the  left  of  the 
spine. 

Needling,  electrolysis,  the  Moore-Corradi  method,  and  the 
subcutaneous  injection  of  gelatin  have  all  been  employed  with 
the  object  of  promoting  the  formation  of  a  clot  in  the  sac  and 
preventing  rupture.  Christopher  Heath  found  that  improve- 
ment followed  ligation  of  the  left  common  carotid  in  aneurysm 
of  the  transverse  part  of  the  aortic  arch. 

Abdominal  Aneurysm.  —Aneurysm  is  much  less  frequent  in 
the  abdominal  than  in  the  thoracic  aorta.  While  any  of  the 
large  branches  in  the  abdomen  may  be  affected,  the  most 
common  seats  are  just  above  the  origin  of  the  coeliac  axis,  and 
at  the  bifurcation. 

The  cUjiicul  features  vary  with  the  site  of  the  aneurysm  and 
with  its  rapidity  and  direction  of  growth.  A  smooth,  rounded 
swelling,  which  exhibits  expansile  pulsation,  forms,  usuallv 
towards  the  left  of  the  middle  line.  It  may  extend  upwards 
under  cover  of  the  ribs,  downwards  towards  the  pelvis,  or 
backwards  towards  the  lumbar  region.  On  palpation  a  systolic 
thrill  may  be  detected,  but  the  presence  of  a  murmur  is  neither 
constant  nor  characteristic.  Pain  is  usually  present;  it  may 
be  neuralgic  in  character,  or  may  simulate  renal  colic.  When 
the  aneurysm  presses  on  the  vertebrte  and  eVodes  them,  the 
symptoms  may  closely  simulate  those  of  spinal  caries,  particu- 
iarJy  if,  as  sometimes  happens,  symptoms  of  compression  para- 
plegia ensue.  In  its  growth  the  swelling  may  press  upon 
and  displace  the  adjacent  viscera,  and  so  interfere  with  their 
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The  diar/nosis  has  to  be  made  from  solid  or  cystic  tumours 
overlying  the  artery;  from  a  "pulsating  aorta";  and  from 
spinal  caries,  and  much  help  can  be  obtained  by  the  use  of  the 
X-rays. 

The  condition  usually  proves  fatal,  either  by  the  aneurysm 
bursting  suddenly  into  the  peritoneal  cavity,  or  by  slow  leakage 
into  the  retro-peritoneal  tissue. 

Electrolysis  and  the  Moore  -  Corradi  method  have  been 
successfully  employed,  access  to  the  sac  having  been  obtained 
by  opening  the  abdomen.  Ligation  of  the  aorta  has  so  far 
been  unsuccessful,  but  in  one  case  operated  upon  by  Keen  the 
patient  survived  for  forty-eight  days. 

Innominate  aneurysm  may  be  of  the  fusiform  or  of  the 
sacculated  variety,  and  is  frequently  associated  with  pouching 
of  the  aorta.  It  usually  grows  upwards  and  outwards,  project- 
ing above  the  sternum  and  right  clavicle,  which  may  be  eroded 
or  displaced  by  it.  Symptoms  of  pressure  on  the  structures  in 
the  neck,  similar  to  those  produced  by  aortic  aneurysm,  occur. 
The  pulses  in  the  right  upper  extremity  and  in  the  right  carotid 
and  its  branches  are  diminished  and  delayed.  Pressure  on  the 
right  brachial  plexus  causes  shooting  pain  down  the  arm  and 
muscular  paresis  on  that  side.  Yaso-motor  disturbances  and 
contraction  of  the  pupil  on  the  right  side  may  result  from 
pressure  on  the  sympathetic  fibres.  Death  may  take  place 
from  rupture,  or  from  pressure  on  the  air-passages. 

The  available  methods  of  treatment  are  ligation  of  the 
right  common  carotid  and  third  part  of  the  right  subclavian 
(Wardrop's  operation),  of  which  eight  successful  cases  have 
been  recorded.  The  cases  most  suitable  for  ligation  are  those 
in  which  the  aneurysm  is  circumscribed  and  globular  (Sheen). 
If  ligation  is  found  to  be  impracticable,  needling,  electrolysis, 
or  the  Moore-Corradi  method  may  be  tried. 

Carotid  Aneurysms. — Aneurysm  of  the  common  carotid  is 
more  frequent  on  the  right  than  on  the  left  side,  and  is  usually 
situated  either  at  the  root  of  the  neck  or  near  the  bifurcation 
of  the  artery.  It  is  the  aneurysm  most  frequently  met  with  m 
women.  From  its  position  the  swelling  is  liable  to  press  on 
the  vagus,  recurrent  laryngeal  and  sympathetic  nerves,  on  the 
air-passage,  and  on  the  oesophagus,  giving  rise  to  symptoms 
referable  to  such  pressure.  There  may  be  cerebral  symptoms 
from  interference  with  the  vascular  supply  of  the  brain. 

Aneurysm  near  the  origin  of  the  common  carotid  has  to  be 
diao-nosed  from  subclavian,  innominate,  and  aortic  aneurysm, 
ancf  from  other  swellings— solid  or  iiuid— met  with  in  the 
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neck.  It  is  often  difficult  to  determine  with  precision  the 
trunk  from  which  an  aneurysm  at  the  root  of  the  neck 
originates,  and  not  infrequently  more  than  one  vessel  shares 
in  the  dilatation.  A  careful  consideration  of  the  position  in 
which  the  swelling  first  appeared,  of  the  direction  in  which 
it  has  progressed,  of  its  pressure  effects,  and  of  the  condition  of 
the  pulses  beyond,  may  help  in  distingixishing  between  aortic, 
innominate,  carotid,  and  subclavian  aneurysms.  Skiagraphy  is 
■also  of  assistance  in  recognising  the  vessel  involved. 

Tumours  of  the  thyroid,  enlarged  lymphatic  glands,  and 
fatty  and  sarcomatous  tumours  can  usually  be  distinguished 
from  aneurysm  by  the  history  of  the  swelling  and  by  careful 
physical  examination.  Cystic  tumours  and  abscesses  in  the 
neck  are  sometimes  more  difficult  to  differentiate  on  account  of 
the  apparently  expansile  character  of  the  pulsation  transmitted 
to  them.  The  fact  that  compression  of  the  vessel  does  not 
affect  the  size  and  tension  of  these  fluid  swellings  is  useful  in 
distinguishing  them. 

Treatment. — Digital  compression  of  the  vessel  against  the 
transverse  process  of  the  sixth  cervical  vertebra — the  "  carotid 
tubercle" — has  been  successfully  employed  in  the  treatment  of 
aneurysm  near  the  bifiu'cation.  Proximal  ligation  in  the  case 
of  high  aneurysms,  or  distal  ligation  in  those  situated  at  the 
root  of  the  neck,  is  more  certain.  Extirpation  of  the  sac  is 
probably  the  best  method  of  treatment,  especially  in  aneurysms 
of  traumatic  origin.  These  operations  are  attended  with  con- 
siderable risk  of  hemiplegia  from  interference  with  the  blood 
supply  of  the  brain. 

The  external  carotid  and  the  cervical  portion  of  the  i?iternal 
carotid  are  seldom  the  primary  seat  of  aneiu-ysm,  although 
they  are  liable  to  be  implicated  by  the  upward  spread  of  an 
aneurysm  at  the  bifurcation  of  the  common  trunk.  In  addition 
to  the  ordinary  .signs  of  aneurysm,  the  clinical  manifestations 
are  chiefly  referable  to  pressure  on  the  pharynx  and  larynx, 
and  on  the  hypoglossal  nerve.  When  the  hypoglossal  nerve  is 
implicated,  the  corresponding  side  of  the  tongue  is  paralysed.' 
Aneurysm  of  the  internal  carotid  is  of  special  importance  on 
account  of  the  way  in  which  it  bulges  into  the  pharynx  in  the 
region  of  the  tonsil,  in  some  cases  closely  simulating  a  tonsillar 
abscess.  Cases  are  on  record  in  which  such  an  aneurysm  has 
be^i  mistaken  for  an  abscess  and  incised,  with  disastrous  results. 

The  most  satisfactory  method  of  treatment,  when  it  is 
practicable,  is  by  proximal  ligation. 

Aneurysmal  varix  may  occur  in  the  neck-as  a  result  of  stabs 
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or  bullet  wounds.  The  communication  is  usually  betM'een  the 
common  carotid  artery  and  the  internal  jugular  vein.  The 
resulting  interference  with  a  cerebral  circulation  causes  head- 
ache, giddiness,  and  other  brain  symptoms,  and  a  persistent 
loud  murmur  is  usually  a  source  of  great  annoyance  to  the 
patient.  If  operative  treatment  is  called  for,  the  artery  should 
be  ligated  above  and  below  the  point  of  communication. 

Intracranial  aneurysm  may  involve  the  internal  carotid  and 
its  branches,  or  the  basilar  artery,  and  appears  to  be  more 
frequently  associated  with  syphilis  and  with  valvular  disease 
of  the  heart  than  are  external  aneurysms.  They  are  seldom 
diagnosed  from  other  intracranial  tumours  during  life,  as 
they  give  rise  to  no  characteristic  symptoms,  save,  in  some 
cases,  a  loud  murmur.  They  usually  prove  fatal  by  ruptm-e 
and  intracranial  haemorrhage.  The  treatment  is  to  ligate  the 
common  carotid  or  the  vertebral  artery  in  the  neck  according 
to  the  seat  of  the  aneurysm. 

Orbital  Aneurysm.— The  term  pulsating  exophthalmos  is 
employed  clinically  to  embrace  a  number  of  pathological  condi- 
tions, including  aneurysm,  in  which  the  chief  symptoms  are  a 
marked  pulsation  in  the  orbit,  and  protrusion  of  the  eyeball. 
There  may  be,  in  addition,  congestion  and  oedema  of  the  con- 
tents of  the  orbit  and  of  the  eyelids,  and  a  distinct  thrill  and 
murmur,  which  can  be  controlled  by  compression  of  the  common 
carotid  in  the  neck.  Varying  degrees  of  ocular  paralysis  and 
of  interference  with  vision  may  also  be  present. 

These  symptoms  are  due,  in  the  majority  of  cases,  to  aneur- 
ysmal varix  of  the  internal  carotid  artery  and  cavernous  sinus, 
which  is  often  traumatic  in  origin,  being  produced  either  by 
fracture  of  the  base  of  the  skull  or  by  a  punctured  wound 
through  the  orbit.  In  other  cases  they  are  due  to  aneurysm 
of  the  ophthalmic  artery,  to  thrombosis  of  the  cavernous  sinus, 
and,  in  rare  instances,  to  cirsoid  aneurysm. 

If  compression  of  the  common  carotid  is  found  to  arrest  the 
pulsation,  ligation  of  this  vessel  is  indicated. 

Subclavian  Aneurysm.— Subclavian  aneurysm  is  usually  met 
with  in  men  who  follow  occupations  involving  excessive  use  of 
the  shoulder— for  example,  dock-porters  and  coal-heavers.  It 
is  more  common  on  the  right  side. 

The  aneurysm  usually  springs  from  the  third,  part  of  the 
artery,  and  appears  as  a  tense,  rounded,  pulsatile  swelling  just 
above  the  clavicle  and  to  the  outer  side  of  the  sterno-mastoid 
muscle.  It  occasionally  extends  in  the  direction  of  the  thorax, 
where  it  may  become  adherent  to  the  pleura.    The  radial  pulse 
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on  the  same  side  as  the  aneurysm  is  small  and  delayed.  Con- 
gestion and  oedema  of  the  arm,  with  pain,  numbness,  and 
muscular  weakness,  may  result  from  pressure  on  the  veins  and 
nerves  as  they  pass  under  the  clavicle;  and  pressure  on  the 
phrenic  nerve  may  induce  hiccough.  The  aneurysm  is  of  slow 
growth,  and  occasionally  undergoes  spontaneous  cure. 

The  conditions  most  likely  to  be  mistaken  for  subclavian 
aneurysm  are  a  soft,  rapidly  growing  sarcoma,  and  a  normal 
artery  raised  on  a  cervical  rib.  It  is  to  be  Ijorne  in  mind, 
however,  that  aneurysm  is  liable  to  develop  in  an  artery  so 
displaced  by  a  cervical  rib. 

On  account  of  the  relations  of  the  artery  and  of  its  branches, 
surgical  treatment  is  attended  with  greater  difficulty  and 
danger  in  subclavian  than  in  almost  any  other  form  of  external 
aneurysm.  Needling  or  electrolysis  should  be  tried.  The 
available  operative  measures  are  proximal  ligation  of  the  in- 
nominate, and  distal  ligation.  In  some  cases  it  has  been  found 
necessary  to  combine  distal  ligation  with  amputation  at  the 
shoulder-joint,  to  prevent  the  collateral  circulation  maintaining 
the  flow  through  the  aneurysm.  Matas'  operation  has  been 
successfully  performed  by  Hogarth  Pringle. 

Axillary  Aneurysm.— Any  part  of  the  axillary  artery  may 
be  the  seat  of  aneurysm.  It  is  usually  met  with  in  the  right 
arm  of  labouring  men  and  sailors,  and  not  infrequently  follows 
an  injury  in  the  region  of  the  shoulder.  The  vessel  may  be 
damaged  by  the  head  of  a  dislocated  humerus  or  in  attempts  to 
reduce  the  dislocation,  by  the  fragments  of  a  fractured  bone,  or 
by  a  stab  or  cut.  Sometimes  the  vein  also  is  injured  and  an 
arterio-venous  aneurysm  established. 

Owing  to  the  laxity  of  the  tissues,  an  axillary  aneurysm 
grows  more  rapidly  than  a  subclavian,  and  it  may  soon 
attain  a  large  size,  filling  up  the  axilla,  and  displacing  the 
clavicle  upwards.  This  renders  compression  of  the  third  part 
of  the  subclavian  difficult  or  impossible.  It  may  extend  be- 
neath the  clavicle  into  the  neck,  or,  extending  inwards,  may 
form  adhesions  with  the  chest  wall,  and,  after  eroding  the  ribs, 
with  the  i^leura. 

The  usual  symptoms  of  aneurysm  are  present,  and  the 
pressure  effects  on  the  veins  and  nerves  are  similar  to  those 
produced  by  an  aneurysm  of  the  subclavian.  Intra-thoracic 
complications,  such  as  pleurisy  or  pneumonia,  are  not  infrequent 
wnen  the  aneurysm  forms  adhesions  to  the  chest  wall  and 

Sisir'    .^^"I'Jl"'^  P^^^^  externally,  into  the  shoulder- 

jomt,  or  into  the  pleural  cavity. 
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Extirpation  of  the  sac  is  the  operation  of  choice,  but,  if  this 
is  impracticable,  ligation  of  the  third  part  of  the  subclavian  may 
be  had  recourse  to. 

Brachial  aneurysm  usually  occurs  at  the  bend  of  the  elbow,  is 
of  traumatic  origin,  and  is  best  treated  by  excision  of  the  sac. 

Aneurysmal  varix,  which  was  frequently  met  with  in  this 
situation  in  the  days  of  the  barber-surgeons, — usually  as  a  result 
of  the  artery  having  been  accidentally  wounded  while  performing 
venesection  of  the  median  basilic  vein, — may  be  treated,  accord- 
ing to  the  amount  of  discomfort  it  causes,  by  a  supporting 
bandage,  or  by  Ugation  of  the  artery  above  and  below  the  point 
of  communication. 

Aneurysms  of  the  vessels  of  the  forearm  and  hand  call  for 
no  special  mention ;  they  are  almost  invariably  traumatic,  and 
are  treated  by  excision  of  the  sac. 

Inguinal  Aneurysm  {Aneurysm  of  the  Iliac  and  Common 
Femoral  Arteries). — Aneurysms  appearing  in  the  region  of 
Poupart's  ligament  may  have  their  origin  in  the  external  or 
common  iliac  arteries  or  in  the  common  femoral.  On  account 
of  the  tension  of  the  fascia  lata,  they  tend  to  spread  upwards 
towards  the  abdomen,  and,  to  a  less  extent,  downwards  into 
the  thigh.  Sometimes  a  constriction  occurs  across  the  sac  at 
the  level  of  Poupart's  ligament. 

The  pressure  exerted  on  the  nerves  and  veins  of  the  lower 
extremity  causes  pain,  congestion,  and  cedema  of  the  limb 
beyond.  Rupture  may  take  place  either  externally,  or  into  the 
cellular  tissue  of  the  iliac  fossa. 

These  aneurysms  have  to  be  diagnosed  from  pulsatmg  sarco- 
mata growing  from  the  pelvic  bones,  and  from  an  abscess,  or 
mass  of  enlarged  lymphatic  glands  overlying  the  artery  and 
transmitting  pulsation.  i,       4.1  j 

Electrolysis  or  needling  may  be  considered,  but  the  metliod 
of  treatment  which  has  met  with  most  success  has  been  ligation 
of  the  common  or  external  iliac,  reached  either  by  reflecting 
the  peritoneum  from  off  the  iliac  fossa  (extra-peritoneal  opera- 
tion), or  by  going  through  the  peritoneal  cavity  (trans-peritoneal 

operation).  .     ,     i    . ,  i 

Gluteal  Aneurysm.— An  aneurysm  m  the  buttock  may  arise 
from  the  gluteal  or  from  the  sciatic  artery,  but  by  the  time  it 
forms  a  salient  swelling  it  is  seldom  possible  to  recognise  by 
external  examination  in  which  vessel  it  takes  origin,  ilie 
special  symptoms  to  which  it  gives  rise  are  pain  down  the  liniD 
from  pressure  on  the  sciatic  nerves,  and  interference  with  the 
movements  at  the  hip. 
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Ligation  of  the  internal  iliac  by  the  trans-peritoneal  route  is 
the  most  satisfactory  method  of  treatment,  but  these  aneurysms 
are  also  amenable  to  treatment  by  needling  or  electrolysis.  Ex- 
tirpation of  the  sac  is  difficult  and  dangerous,  especially  when 
the  aneurysm  has  spread  into  the  pelvis. 

Femoral  Aneurysm. — Aneurysm  of  the  superficial  femoral 
artery  is  usually  traumatic  in  origin,  and  is  more  common  in 
Scarpa's  triangle  than  in  Hunter's  canal.  Any  of  the  methods 
already  described  is  available  for  their  treatment — the  choice 
lying  between  ligation  of  the  external  iliac  and  extirpation  of 
the  sac. 

Aneurysm  of  the  'profunda  femoris  is  distinguished  from 
aneurysm  of  the  main  trunk  by  the  fact  that  the  pulses  beyond 
are,  in  the  former,  unaffected,  and  by  the  normal  artery  being 
felt  pulsating  over  or  alongside  of  the  sac. 

In  aneurysmal  varix,  a  not  infrequent  result  of  a  bullet 
wound  or  a  stab,  the  communication  with  the  vein  may  involve 
the  superficial  or  the  deep  femoral  artery.  Should  operative 
interference  become  necessary  as  a  result  of  progressive  increase 
in  size  of  the  tumour,  or  progressive  distension  of  the  veins  of 
the  limb  as  a  whole,  an  attempt  should  be  made  to  separate 
the  vessels  concerned  and  to  close  the  opening  in  each  by  a  fine 
suture.  If  this  is  impracticable,  the  artery  is  tied  above  and 
below  the  communication ;  gangrene  of  the  limb  may  supervene, 
and  we  have  observed  a  case  in  which  the  gangrene  extended 
as  high  as  the  junction  of  the  middle  and  lower  thirds  of  the 
thigh. 

Popliteal  Aneurysm. — Popliteal  aneurysm  is  the  most  common 
surgical  aneurysm,  and  is  not  infrequently  met  with  in  both 
limbs.  It  is  generally  due  to  disease  of  the  artery,  although 
repeated  slight  strains,  which  are  so  liable  to  occur  at  the  knee, 
may  play  an  important  part  in  determining  its  formation.  In 
former  times  it  was  very  common  in  post-boys,  from  the  repeated 
flexion  and  extension  of  the  knee  in  riding. 

The  aneurysm  is  usually  of  the  sacculated  variety,  and  may 
spring  from  the  front  or  from  the  back  of  the  vessel.  It  may 
exert  pressure  on  the  bones  and  ligaments  of  the  joint,  and 
it  has  been  known  to  open  into  the  articulation.  The  pain, 
stiffness,  and  effusion  into  the  joint  which  accompany  these 
changes  often  lead  to  an  erroneous  diagnosis  of  joint  disease. 
The  sac  may  press  upon  the  popliteal  artery  or  vein,  causing 
congestion  and  oedema  of  the  leg,  and  leading  to  gangrene. 
Pressure  on  the  popliteal  nerves  gives  rise  to  severe  "pain, 
muscular  cramp,  and  weakness  of  the  Ic". 
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The  differential  diagnosis  is  to  be  made  from  abscess,  bursal 
cyst,  enlarged  glands,  and  sarcoma. 

The  choice  of  operation  lies  between  ligation  of  the  femoral 
artery  in  Hunter's  canal,  enucleation  of  the  sac,  and  Matas' 
operation  of  aneurysmo-arteriorraphy.  The  success  -which 
attends  the  Hunterian  operation  is  evidenced  by  the  fact  that 
Syme  performed  it  thirty-seven  times  without  a  single  failure. 
If  it  fails,  the  old  operation  should  be  considered,  but  it  is  a 
much  more  serious  operation,  and  one  which  is  more  liable  to 
be  followed  by  gangrene  of  the  limb.  Experience  shows  that 
ligation  of  the  vein,  or  even  the  removal  of  a  portion  of  it, 
is  not  necessarily  followed  by  gangrene  if  the  wound  remains 
aseptic. 

Aneurysmal  varix  is  sometimes  met  with  in  the  region  of  the 
popliteal  space.  It  is  characterised  by  the  usual  symptoms, 
and  is  treated  by  palliative  measures,  or  by  ligation  of  the 
artery  above  and  below  the  point  of  communication. 

Aneurysm  in  the  leg  and  foot  is  rare.  It  is  almost  always 
traumatic,  and  is  treated  by  excision  of  the  sac. 


CHAPTER  XV 


THE  LYMPHATICS 

Anatomy  and  physiology — Injueies  of  Lymphatic  Vkssels  :  Wounds 
of  thoracic  duct — Diseases  of  Lymphatic  Vessels — Lymphangitis  : 
Varieties  —  Lymphangiectasis  —  Filarial  disease  —  Lymphangioma — 
Diseases  of  Lymphatic  Glands — Lymphadenitis  ■•  Septic  ;  Tuber- 
culous ;  Syphilitic—  Lymphadenoma — Leucocythffimia — Tumotjes. 

Lymph  is  essentially  blood  plasma  which,  has  passed  through 
the  walls  of  capillaries.  After  bathing  and  nourishing  the 
tissues,  it  is  collected  by  lymphatic  vessels,  which  return  it  to 
the  blood-stream  by  way  of  the  thoracic  duct.  These  lym- 
phatic vessels  take  origin  in  the  lymphatic  spaces  of  the  tissues 
and  in  the  walls  of  serous  cavities,  and  they  usually  run  along- 
side blood-vessels — perivascular  lympliaiics.  They  have  a 
structure  similar  to  that  of  veins,  but  are  more  abundantly 
provided  with  valves.  Along  the  course  of  the  lymphatic 
trunks  are  the  lymphatic  glands,  which  possess  a  definite  cap- 
sule and  are  composed  of  a  reticulated  connective  tissue,  the 
spaces  of  which  are  packed  with  leucocytes.  The  glands  act  as 
filters,  arresting  not  only  inert  substances,  such  as  blood  pig- 
ment circulating  in  the  lymph,  but  also  living  elements,  such 
as  cancer  cells  'or  bacteria.  As  it  passes  through  a  gland  the 
lymph  is  brought  into  intimate  contact  with  the  leucocytes,  and 
in  bacterial  infections  there  is  always  a  struggle  between  the 
organisms  and  the  leucocytes,  so  that  the  glands  may  be  looked 
upon  as  an  important  line  of  defence,  retarding  or  preventing  the 
passage  of  bacteria  and  their  products  into  the  general  circula- 
tion. The  infective  agent,  moreover,  in  order  to  reach  the  blood- 
stream, must  usually  overcome  the  resistance  of  several  glands. 

Lymphatic  glands  are,  for  the  most  part,  arranged  in  groups 
or  chains,  such  as  those  in  the  axilla,  neck,  and  groin.  In  any 
given  situation  they  vary  in  number  and  size  in  different  indi- 
viduals, and  fresh  glands  may  be  formed  on  comparatively 
slight  stimulus,  and  disappear  when  the  stimulus  is  Avith- 
drawn.    The  best-known  example  of  this  is  the  increase  in  the 

329 


330 


THE  LYMPHATICS 


number  of  glands  in  tlie  axilla  wliich  takes  place  during  lacta- 
tion ;  wlien  this  function  ceases,  many  of  the  glands  become 
involuted  and  are  transformed  into  fat,  and  in  the  event  of  a 
subsequent  lactation  they  are  again  developed.  After  glands 
have  been  removed  by  operation,  new  ones  may  be  formed. 

Anatomical  Distribution  of  Glands. — The  more  important 
groups  of  glands,  and  the  areas  vj'hich  they  drain,  in  the  head  and 
neck  and  in  the  upper  and  lower  extremities,  are  as  follows  : — 

Head  and  Neck. — The  parotid  or  pre-auricular  glands  lie 
beneath  the  parotid  fascia  in  front  of  the  ear,  and  some  are 
partly  embedded  in  the  substance  of  the  parotid  gland;  they 
drain  the  parts  about  the  temple,  cheek,  eyelids,  and  auricle. 
It  is  quite  common  for  them  to  become  the  seat  of  tuberculous 
disease.    The  occipital  gland,  situated  over  the  origin  of  the 
trapezius  from  the  superior  curved  line,  drains  the  top  and  back 
of  the  head  ;  it  is  very  rarely  affected.    The  mastoid  or  posterior 
auricular  glands  lie  over  the  mastoid  process,  and  drain  the  side 
of  the  head  and  auricle.    These  three  groups  pour  their  lymph 
into  the  cervical  glands.    The  submaxillary — two  to  six  in 
number — lie  along  the  lower  border  of  the  jaw  from  the 
symphysis  to  the  angle,  the  posterior  ones  being  closely  con- 
nected with  the  submaxillary  salivary  gland.  They  receive  lymph 
from  the  face,  lips,  floor  of  the  mouth,  gums,  teeth,  anterior 
part  of  tongue,  and  the  ate  nasi,  and  from  the  pre-auricular 
glands.    The  lymph  passes  from  them  into  the  deeper  cervical 
glands.   They  are  very  frequently  infected  with  tubercle  and  with 
epithelioma  which  has  spread  to  them  from  the  mouth.  The 
submental  glands  lie  in  or  close  to  the  middle  line  between  the 
anterior  bellies  of  the  digastric  muscles,  and  receive  lymph  from 
the  lips.    It  is  rare  for  them  to  be  the  seat  of  tubercle,  but  in 
epithelioma  of  the  lower  lip  and  floor  of  the  mouth  they  are  in- 
fected at  an  early  stage  of  the  disease.    The  supra-hyoid  lies  a 
little  farther  back,  immediately  above  the  hyoid  bone,  and 
receives  lymph  from  the  tongue.    The  external  jugular  glands, 
when  present,  lie  along  the  external  jugular  vem,  and  receive 
lymph  from  the  occipital  and  mastoid  glands  and  from  the 
auricle.    The  sterno-mastoid  glands— g\andu\?ii  concatinatse— 
form  a  chain  along  the  posterior  edge  of  the  sterno-mastoid 
muscle,  some  of  them  lying  beneath  the  muscle.^   They  are 
commonly  enlarged  in  constitutional  syphilis,    llie  internal 
jw/ular  //lands,  commonly  called  the  deep  cervical,— from  six  to 
twenty  in  number, — form  a  continuous  chain  along  the  internal 
j ugular  vein,  beneath  the  sterno-mastoid  muscle.    They  drain  the 
various  groups  of  glands  which  lie  nearer  the  surface,  also  the 
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interior  of  the  skull,  the  larynx,  trachea,  thyroid,,  audio  wer  part 
of  the  pharynx,  and  pour  their  lymph  into  the  main  lymphatic 
trunks  at  the  root  of  the  neck.  Belonging  to  this  group  is  one 
large  gland  which  lies  behind  the  posterior  belly  of  the  digastric, 
and  rests  in  the  angle  between  the  internal  jugular  and  common 
facial  veins.  It  is  commonly  enlarged  in  affections  of  the 
tonsil  and  posterior  part  of  the  tongue.  In  the  same  group  are 
three  or  four  glands  which  lie  entirely  under  cover  of  the  upper 
end  of  the  sterno-mastoid  muscle,  and  surround  the  spinal 
accessary  nerve  before  it  perforates  the  muscle.  The  deep 
cervical  glands  are  very  commonly  infected  by  tubercle  and 
also  by  epithehoma  secondary  to  disease  in  the  tongue  or 
throat.  The  supra-clavicular  glands  lie  in  the  posterior 
triangle,  above  the  clavicle.  They  receive  lymph  from  the 
lowest  cervical  glands,  from  the  upper  part  of  the  chest  wall, 
and  from  the  highest  axillary  glands.  They  are  frequently 
infected  in  cancer  of  the  breast  ;  those  on  the  left  side  also  in 
cancer  of  the  stomach.  The  removal  of  diseased  supra-clavicular 
glands  is  not  to  be  lightly  undertaken,  as  difficulties  are  liable 
to  ensue  in  connection  with  the  thoracic  duct,  the  pleura,  or  the 
junction  of  the  subclavian  and  internal  jugular  veins.  The 
retro-pharyngeal  glands  lie  on  each  side  of  the  middle  line  upon 
the  rectus  capitis  anticus  major  muscle  and  in  front  of  the 
prevertebral  layer  of  the  cervical  fascia.  They  receive  part  of 
the  lymph  from  the  posterior  wall  of  the  pharynx,  the  interior 
of  the  nose  and  its  accessary  cavities,  the  Eustachian  tube, 
and  the  tympanum.  When  they  are  infected  with  pyogenic 
organisms  or  with  tubercle  bacilli,  they  may  lead  to  the  forma- 
tion of  one  form  of  retro-pharyngeal  abscess. 

Upper  Extremity. —  The  epi-trochlear  and  ante-cubital  glands 
vary  in  number,  that  most  commonly  present  lying  about  an 
inch  and  a  half  above  the  internal  condyle,  and  other  and 
smaller  glands  may  lie  along  the  internal  bicipital  sulcus  or  at 
the  bend  of  the  elbow.  They  drain  the  ulnar  side  of  the  hand 
and  forearm,  and  pour  their  lymph  into  the  axillary  group. 
The  epi-trochlear  gland  is  sometimes  enlarged  in  syphilis.  The 
axillary  glands  are  arranged  in  groups  :  a  central  group  lie 
embedded  in  the  axillary  fascia,  and  are  often  related  to  an 
opening  in  it;  a  subscapular  group  lie  along  the  line  of  the 
subscapular  vessels ;  pectoral  groups  lie  behind  the  pectoralis 
minor,  along  the  inner  side  of  the  axillary  vein,  and  Ijetweeu 
the  two  pectoral  muscles.  The  axillary  glands  receive  lymph 
from  the  arm,  mamma,  and  side  of  the  chest,  and  pass  it  on 
into  the  lowest  cervical  glands  and  the  main  lymphatic  trunk. 
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They  are  frequently  the  seat  of  pyogenic,  tuberculous,  and 
cancerous  infection,  and  their  complete  removal  is  an  essential 
part  of  the  operation  for  cancer  of  the  breast. 

Lower  Extremity. — The  poxMteal  glands  include  one  super- 
ficial gland  at  the  termination  of  the  short  saphenous  vein,  and 
several  deeper  ones  in  relation  to  the  popliteal  vessels.  They 
receive  lymph  from  the  toes  and  foot,  and  transmit  it  to  the 
inguinal  glands.  The  femoral  glands  lie  vertically  along  the 
upper  part  of  the  internal  saphenous  vein,  and  receive  lymph  from 
the  leg  and  foot ;  from  them  the  lymph  passes  to  the  deep  in- 
guinal and  external  iliac  glands.  The  femoral  glands  often  par- 
ticipate in  pyogenic  infections  entering  through  the  skin  of  the 
toes  and  sole  of  the  foot.  The  superficial  inguinal  glands  lie 
along  Poupart's  ligament,  and  receive  lymph  from  the  external 
genitals,  anus,  perineum,  buttock,  and  anterior  abdominal  wall. 
The  lymph  passes  on  to  the  deep  inguinal  and  external  iliac 
glands.  The  superficial  glands  through  their  relations  to  the 
genitals  are  frequently  the  subject  of  venereal  infection,  and 
also  of  epithelioma  when  this  disease  affects  the  genitals  or 
anus;  they  are  rarely  the  seat  of  tuberculosis.  The  deep 
inguinal  glands  lie  on  the  inner  side  of  the  femoral  vein,  and 
sometimes  within  the  crural  canal.  They  receive  lymph  from 
the  deep  lymphatics  of  the  lower  limb,  and  some  of  the  efferent 
vessels  from  the  femoral  and  superficial  inguinal  glands.  The 
lymph  then  passes  on  through  the  crural  canal  to  the  external 
iliac  glands.  The  extension  of  malignant  disease,  whether 
cancer  or  sarcoma,  can  often  be  traced  along  these  deeper 
lymphatics  into  the  pelvis,  and  as  the  obstruction  to  the  flow 
of  lymph  increases  there  is  a  corresponding  increase  in  the 
swollen  dropsical  condition  of  the  lower  limb  on  the  same  side. 

The  glands  of  the  thorax  and  abdomen  will  be  considered  with 
the  surgery  of  these  regions. 

Injuries  op  Lymphatic  Vessels 

Lymphatic  vessels  are  divided  in  all  wounds,  and  the  lymph 
that  escapes  from  them  is  added  to  any  discharge  that  may 
be  present.  In  injuries  of  larger  trunks  the  lymph  may  escape 
in  considerable  quantity  as  a  colourless,  watery  fluid— 
rhagia  ;  and  the  opening  through  which  it  escapes  is  known 
as  a  lymp>haHc  fistula.  This  has  been  observed  chiefly  after 
extensive  operations  for  the  removal  of  malignant  glands  in 
the  groin,  and  in  such  cases  the  lymph,  including  that  which 
has  accumulated  in  the  vessels  of  the  limb,  may  escape  in  such 


INJURIES  OF  LYMPHATIC  VESSELS  333 


abundance  as  to  soak  through  large  dressings  and  delay  the 
healmg  of  the  wound.  Ultimately  new  lymph  channels  are 
formed,  so  that  at  the  end  of  from  four  to  six  weeks  the 
discharge  of  lymph  ceases  and  the  wound  heals. 

When  the  lymphatic  return  from  a  limb  has  been  seriously 
interfered  with, — as,  for  example,  when  the  axillary  contents 
have  been  completely  cleared  out  in  operating  for  cancer  of  the 
breast, — a  condition  of  lymphatic  oedema  may  result,  the  arm 
becoming  swollen,  tight,  and  heavy. 

Wounds  of  the  Thoracic  Duct. — The  thoracic  duct  usually 
opens  at  the  angle  formed  by  the  junction  of  the  left  internal 
jugular  and  subclavian  veins,  but  it  may  open  into  either  of 
these  vessels  by  one  or  by  several  channels,  or  the  duct  may 
be  double  throughout  its  course.  There  is  a  smaller  duct  on 
the  right  side — the  right  thoracic  duct.  The  duct  or  ducts  may 
be  displaced  by  a  tumour  or  a  mass  of  enlarged  glands,  and 
may  be  accidentally  wounded  in  dissections  at  the  root  of  the 
neck  ;  jets  of  milky  fluid — chyle — may  at  once  escape  from  it. 
The  jets  are  rhythmical  and  coincide  with  expiration.  The 
injury  may,  however,  not  be  observed  at  the  time  of  operation, 
but  later  through  the  dressings  being  soaked  with  chyle — 
chylorrlicEa.  If  the  wound  involves  the  only  existing  main  duct 
and  all  the  chyle  escapes,  the  patient  suffers  from  intense 
thirst,  emaciation,  and  weakness,  and  may  die  of  inanition  ; 
but  if,  as  is  usually  the  case,  only  one  of  several  collateral 
channels  is  implicated,  the  loss  of  chyle  may  be  of  little 
moment,  as  the  discharge  usually  ceases  spontaneously.  If 
the  wound  heals  so  that  the  chyle  is  prevented  from  escaping, 
a  fluctuating  swelling  may  form  beneath  the  scar,  and  in 
course  of  time  gradually  disappear. 

It  is  rarely  possible  to  close  an  accidental  wound  of  the  duct 
with  sutures,  the  vessel  should  therefore  be  tied  preferably  by 
suture  as  if  it  were  a  bleeding  artery.  The  tissues  are  then 
stitched  over  it  and  the  skin  wound  accurately  closed,  so  as  to 
obtain  primary  union,  firm  pressure  being  applied  by  dressings 
and  an  elastic  webbing  bandage.  Even  if  the  main  duct  is 
obliterated,  a  collateral  circulation  is  usually  established.  A 
wound  of  the  right  lymphatic  duct  is  of  less  importance. 

SuMidaneous  rupture  of  the  thoracic  duel  may  result  from 
a  crush  of  the  thorax.  The  chyle  escapes  and  may  accumulate 
in  the  cellular  tissue  of  the  posterior  mediastinum  and  behind 
the  peritoneum,  in  the  pleural  cavity  {chylo-thorax),  or  in  the 
peritoneal  cavity  (chylous  ascites).  There  are  physical  signs 
of  fluid  in  one  or  other  of  these  situations,  but,  as  a  rule,  the 
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nature  of  the  lesion  is  only  recognised  when  chyle  is  withdrawn 
by  the  exploring  needle. 

Diseases  op  Lymphatic  Vessels 

Lymphangitis. — Inflammation  of  peripheral  lymphatic  vessels 
usually  results  from  the  entrance  of  pyogenic  infection  from 
some  primary  source  in  the  skin.  This  may  be  a  septic  wound 
or  a  purulent  blister,  and  the  streptococcus  pyogenes  is  the 
organism  most  frequently  present.  Septic  lymphangitis  is 
commonly  met  with  in  those  who,  from  the  nature  of  their  oc- 
cupation, handle  infective  material.  A  gonococcal  lymphangiiis 
has  been  observed  in  those  suffering  from  gonorrhcBa. 

The  inflammation  affects  chiefly  the  walls  of  the  vessels, 
and  is  attended  with  clotting  of  the  lymph.  There  is  also 
some  degree  of  inflammation  of  the  surrounding  cellular 
tissue — peri-lymphangitis.  One  or  more  abscesses  may  form 
along  the  course  of  the  afi'ected  vessels,  or  a  spreading  cellulitis 
may  supervene. 

The  clinical  features  resemble  those  of  other  acute  pyogenic 
infections,  and  there  are  wavy  red  lines  running  from  the 
source  of  infection  towards  the  nearest  lymphatic  glands. 
These  correspond  to  the  inflamed  vessels,  and  are  the  seat  of 
burning  pain  and  tenderness.  The  associated  glands  are 
enlarged  and  painful.  In  severe  cases  the  symptoms  may 
merge  into  those  of  septicaemia.  When  the  deep  lymphatics 
alone  are  involved,  the  superficial  red  lines  are  absent,  but  the 
limb  becomes  swollen  and  pits  on  pressure. 

In  cases  of  extensive  lymphangitis,  especially  when  there  are 
repeated  attacks,  the  vessels  may  be  obliterated  by  the  forma- 
tion of  new  connective  tissue  and  a  persistent  solid  oedema 
result,  culminating  in  one  of  the  forms  of  elephantiasis. 

Treatment. — The  primary  source  of  infection  is  dealt  with 
on  the  usual  lines.  If  the  lymphangitis  is  confined  to  one 
of  the  extremities,  Bier's  elastic  bandage  is  applied,  and  if 
suppuration  occurs,  the  pus  is  let  out  through  one  or  more 
small  incisions;  in  other  parts  of  the  body  Ivlapp's  suction 
bells  are  employed.  The  streptococcus  may  be  cultivated 
from  the  pus  and  a  vaccine  prepared  therefrom  injected 
When  the  condition  has  subsided,  the  limb  is  massaged  and 
evenly  bandaged  to  prevent  oedema,  or,  if  present,  to  promote  its 
disappearance. 

Ttcberculous  L>/m2^ha7igitis.  —  Although  lymphatic  vessels 
play  an  important  r61e  in  the  spread  of   tuberculosis,  the 
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clinical  recognition  of  the  disease  in  lymphatic  vessels  is 
exceptional.  It  is  met  with  chiefly  in  relation  to  tuberculous 
lesions  of  the  skin  of  the  extremities,  such  as  lupus,  inocula- 
tion tubercle,  and  sinuses  resulting  from  dactylitis.  The  infec- 
tion spreads  upwards  along  the  superficial  lymphatics,  which 
become  nodularly  thickened ;  at  one  or  more  points,  larger, 
peri-lymphangitic  nodules  may  form  and  break  down  into 
abscesses  and  ulcers.  When  the  disease  is  widely  distributed 
throughout  the  lymphatics,  the  limb  becomes  swollen  and  hard 
—a  condition  illustrated  by  lupus  elephantiasis. 

SyphiliHc  lymphangitis  is  observed  in  cases  of  primary 
syphilis,  in  which  the  vessels  of  the  dorsum  of  the  penis  can 
be  felt  as  indurated  cords. 

In  addition  to  acting  as  channels  for  the  conveyance  of 
bacterial  infection,  lymphatic  vessels  freqiwntly  convey  the  cells 
of  malignant  tumours,  and  especially  cancer,  from  the  seat  of 
the  primary  disease  to  the  nearest  lymphatic  glands,  and  they 
may  themselves  become  the  seat  of  cancerous  growth  forming 
nodular  cords  (Fig.  97).  This  is  of  great  importance  in 
relation  to  the  eradication  of  cancer  by  operative  measures. 

Lymphangiectasis  is  a  dilated  or  varicose  condition  of 
lymphatic  vessels.  It  is  sometimes  met  with  as  a  congenital 
affection  in  the  tongue  and  lips,  or  it  may  be  acquired  as  the 
result  of  any  condition  which  is  attended  with  extensive 
obliteration  or  blocking  of  the  main  lymphatic  trunks.  An 
interesting  type  of  lymphangiectasis  is  that  which  results 
from  the  presence  of  the  filaria  sanguinis  hominis  in  the 
vessels,  and  is  observed  chiefly  in  the  groin,  spermatic  cord, 
and  scrotum  of  persons  who  have  lived  in  the  tropics. 

Filarial  disease  in  the  lymphatics  of  the  groin  appears  as  a 
soft,  doughy  swelling,  varying  in  size  from  a  walnut  to  a 
cocoa-nut ;  it  may  partly  disappear  on  pressure  and  when  the 
patient  lies  down. 

The  patient  may  give  a  history  of  feverish  attacks  during 
which  the  swelling  becomes  painful  and  tender.  These  attacks 
may  show  a  remarkable  periodicity,  and  each  may  be  followed 
by  an  increase  in  the  size  of  the  swelling,  which  may  extend 
along  the  inguinal  canal  into  the  abdomen,  or  down  the 
spermatic  cord  into  the  scrotum.  On  dissection,  the  swelling 
is  found  to  be  made  up  of  dilated,  tortuous,  and  thickened 
lymphatic  vessels  in  which  the  parent  worm  is  sometimes 
found,  and  of  greatly  enlarged  lymphatic  glands  whicli  have 
become  converted  into  a  spongy  tissue,  the  spaces  of  which 
are  filled  with  lymph.    The  (laid  in  the  dilated  vessels  is 
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either  clear  or  turbid,  in  the  latter  case  resembling  chyle. 
The  affection  is  frequently  bilateral,  and  may  be  asso- 
ciated with  lymph  scrotum,  with  elephantiasis,  and  with 
chyluria. 

The  diagnosis  is  to  be  made  from  such  other  swellings  in 
the  groin  as  hernia,  lipoma,  or  cystic  pouching  of  the  saphena 
vein.  It  is  confirmed  by  finding  the  embryos  of  the  filariae  in 
the  blood. 

Treatment. — When  the  disease  is  generalised  throughout  the 
body,  operation  is  contra-indicated.  "When  it  is  limited  to  the 
groin  or  scrotum,  excision  may  bring  about  a  permanent  cure, 
especially  if  the  adult  worms  are  found  in  the  lymphatics 
that  are  removed;  but  it  may  result  in  the  formation  of 
lymphatic  sinuses  and  only  afford  temporary  relief. 

Lymphangioma. — A  lymphangioma  consists  of  a  series  of 
cavities  and  channels  filled  with  lymph  and  freely  com- 
municating with  one  another.  The  cavities  result  either 
from  the  new  formation  of  lymphatic  spaces  or  vessels,  or  from 
the  dilatation  of  those  which  already  exist;  their  walls  are 
composed  of  fibro-areolar  tissue  lined  by  endothelium  and 
sometimes  strengthened  by  non-striped  muscle.  They  are 
rarely  provided  with  a  definite  capsule,  and  frequently  send 
prolongations  of  their  substance  between  and  into  muscles 
and  other  structures  in  their  vicinity.  They  are  of  congenital 
origin,  and  usually  make  their  appearance  at  or  shortly  after 
birth.  When  the  tumour  is  made  up  of  a  meshwork  of 
caverns  and  channels,  it  is  called  a  cavernous  lymj)hangioma  ; 
when  it  is  composed  of  one  or  more  separate  cysts,  it  is  called 
a  cystic  lymphangioma.  It  is  probable  that  the  cysts  are 
derived  from  the  caverns  by  the  breaking  down  and  absorption 
of  the  intervening  septa,  and  transition  forms  betM'een  the 
cavernous  and  cystic  varieties  are  met  with. 

The  cavernous  lymphangioma  appears  as  an  ill-defined,  soft 
swelling,  presenting  many  of  the  characters  of  a  subcutaneous 
nfevus,  but  it  is  not  capable  of  being  emptied  by  pressure,  and 
if  the  tumour  is  punctured  with  an  exploring  needle,  it  yields 
lymph  instead  of  blood.  It  also  resembles  a  lipoma,  especially 
the  congenital  variety  which  grows  from  the  periosteum,  and 
the  differential  diagnosis  between  these  is  rarely  completed 
until  the  swelling  is  punctured  or  explored  by  operation.  If 
treatment  is  called  for,  it  is  carried  out  on  the  same  lines  as 
for  ufBVUs,  by  means  of  electrolysis,  igni-punctuve,  or  excision. 
Complete  excision  is  rarely  possible  because  of  the  want  of 
definition  and  encapsulation. 
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The  cystic  lymphangioma,  hjmphatic  cyst,  or  congenital 
cystic  hygroma,  is  most  often  met  with  in  the  neck — hydrocele 
of  the  neck;  it  is  situated  beneath  the  deep  fascia,  and  projects 
either  in  front  of  or  behind  the  sterno-mastoid  muscle.  It 
may  attain  a  very  large  size,  the  overlying  skin  and  cyst  wall 
may  be  so  thin  as  to  be  translucent,  and  it  has  been  known  to 
cause  serious  impairment  of  respiration  through  pressing  on  the 
trachea.    In  the  axilla  also  the  cystic  tumour  may  attain  a 


Fig.  75— Congenital  Cystic  Tumour  or  Hygroma  of  Axilla. 
(From  a  photograph  lent  by  Dr.  Lediard.) 


considerable  size  (Fig.  75);  less  frequent  situations  are  the 
groin,  and  the  floor  of  the  mouth  where  it  constitutes  one 
form  of  ranula. 

The  nature  of  these  .swellings  is  to  be  recognised  by  their 
situation,  by  their  having  existed  from  infancy,  and,  if  necessary, 
by  drawing  off  some  of  the  contents  of  the  cyst  through  a  fine 
needle.  They  arc  usually  remarkably  indolent,  persisting  often 
for  a  long  term  of  years  without  change,  and,  like  ntevus, 
they  sometimes   undergo   spontaneous   shrinkage  and  cure. 
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Sometimes  the  cystic  tumour  becomes  infected  and  forms  an 
abscess — another,  although  less  desirable,  method  of  cure. 
Those  situated  in  the  neck  are  most  liable  to  suppurate, 
pirobably  because  of  pyogenic  organisms  being  brought  to  them 
iDy  the  lymphatics  taking  origin  in  the  scalp,  ear,  or  throat.  If 
operative  interference  is  called  for,  the  cyst  may  be  tapped  and 
injected  with  iodine,  or  excised;  the  operation  of  removal 
may  entail  a  considerable  dissection  amongst  the  deeper 
structures  at  the  root  of  the  neck,  and  should  not  be  lightly 
undertaken. 

Diseases  op  Lymphatic  Glands 

Lymphadenitis. — Inflammation  of  lymphatic  glands  result.s 
from  the  advent  of  an  irritant,  usually  bacterial  or  toxic, 
brought  to  the  glands  by  the  afferent  lymphatics.  These 
vessels  may  share  in  the  inflammation  and  be  the  seat  of 
lymphangitis,  or  they  may  show  no  evidence  of  the  passage  of 
the  noxa.  It  is  exceptional  for  the  irritant  to  be  carried  to 
the  gland  in  the  blood-stream. 

A  strain  or  other  form  of  trauma  is  sometimes  blamed  for 
the  onset  of  lymphadenitis,  especially  in  the  glands  of  the 
groin  (bubo),  but  it  is  usually  possible  to  discover  some  source 
of  pyogenic  infection  which  is  responsible  for  the  mischief, 
or  to  obtain  a  history  of  some  antecedent  affection  such  as 
o-onorrhcea.  It  is  possible  for  gonococci  to  lie  latent  in  the 
mguinal  glands  for  long  periods,  and  only  give  rise  to 
lymphadenitis  if  the  glands  be  subsequently  subjected  to 
injury.  The  glands  most  frequently  affected  are  those  in  the 
neck,  axilla,  and  groin. 

The  characters  of  the  lymphadenitis  vary  with  the  nature 
of  the  irritant.  Sometimes  it  is  mild  and  evanescent,  as  in 
the  glandular  enlargement  in  the  neck  which  attends  tonsillitis 
and  certain  other  forms  of  sore  throat.  Sometimes  it  is  more 
persistent,  as  in  the  enlargement  which  may  be  associated  with 
adenoids,  hypertrophied  tonsils,  carious  teeth,  eczema  of  the 
scalp,  and  ottorrhoea ;  and  it  is  probable  that  this  indolent 
enlargement  predisposes  to  tuberculous  infection.  A  similar 
enlargement  is  met  with  in  the  axilla  in  cases  of  chronic 
interstitial  mastitis,  and  in  the  groin  as  a  result  of  chronic 
irritation  about  the  external  genitals. 

Sometimes  the  lymphadenitis  is  of  a  more  acute  character, 
and  the  tendency  is  towards  the  formation  of  an  abscess.  This 
is  illustrated  in  the  axillary  glands  inflamed  as  a  result  of 
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infected  ^yollnds  of  the  fingers ;  in  the  femoral  glands  in 
infected  wounds  or  purulent  blisters  on  the  ^f oot ;  in  the 
inguinal  glands  in  gonorrhoea  and  soft  chancre;  and  in  the 
cervical  glands  in  the  severer  forms  of  sore  throat  associated 
with  diphtheria  and  scarlet  fever.  The  most  acute  glandular 
suppurations  result  from  infection  Avith  streptococci. 

Superficial  glands,  when  inflamed  and  suppurating,  become 
enlarged,  tender,  fixed,  and  matted  to  one  another.  In  the 
glands  of  the  groin  the  suppurative  process  is  often  remarkably- 
sluggish  ;  purulent  foci  form  in  the  interior  of  the  individual 
glands,  and  some  time  may  elapse  before  the  pus  erupts 
through  their  respective  capsules.  In  the  deeply  placed 
cervical  glands,  especially  in  cases  of  streptococcal  throat 
infections,  the  suppuration  rapidly  involves  the  surrounding 
cellular  tissue,  and  the  clinical  features  are  those  of  an  acute 
cellulitis  and  deeply  seated  abscess.  When  this  is  incised  the 
necrosed  glands  may  be  found  lying  in  the  pus,  and  on 
bacteriological  examination  are  found  to  be  swarming  with 
streptococci.  In  suppuration  of  the  axillary  glands  the  abscess 
may  be  quite  superficial,  or  it  may  be  deeply  placed  beneath 
the  strong  fascia  and  pectoral  muscles,  according  to  the  group 
of  glands  involved. 

The  diagnosis  of  septic  lymphadenitis  is  usually  easy.  The 
indolent  enlargements  are  not  always  to  be  distinguished, 
however,  from  commencing  tuberculous  disease,  except" by  the 
use  of  the  tuberculin  test,  and  by  the  fact  that  they  usually 
disappear  on  removing  the  peripheral  source  of  irritation. 

Treatment— Th-Q.  first  indication  is  to  discover  and  deal  with 
the  original  source  of  infection,  and  in  the  indolent  forms  of 
lymphadenitis  this  will  usually  be  followed  by  recovery.  In 
the  more  acute  forms  following  on  pyogenic  infection,  the  best 
results  are  obtained  from  the  hyperaemic  treatment  carried 
out  by  means  of  suction  bells.  If  suppuration  is  not  thereby 
prevented,  or  if  it  has  already  taken  place,  each  separate 
collection  of  pus  is  punctured  with  a  narrow-bladed  knife  and 
the  use  of  the  suction  bell  is  persevered  with.  If  there  is  a 
large  periglandular  abscess,  as  is  often  the  case,  in  the  neck  and 
axilla,  the  opening  may  require  to  be  made  by  Hilton's 
method,  and  it  may  be  necessary  to  insert  a  drainage-tube. 

Tuberculous  Disease  of  Glands.-This  is  a  disease^  of  great 
•trequency  and  importance.    The  tubercle  bacilli  usually  gain 
access  to  the  glands  through  the  aiferent  lymphatic  Vessels 
which  convey  them  from  some  lesion  of  the  surface  within 
the  area  which   they  drain.    It  is  possible,  however,  that 
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the  organisms  sometimes  reach  the  glands  by  the  blood- 
stream. Tuberculous  infection  may  supervene  in  glands 
which  are  already  enlarged  as  a  result  of  chronic  septic 
irritation.  While  any  of  the  glands  in  the  body  may  be 
affected,  the  disease  is  most  often  met  with  in  the  cervical 
groups  which  derive  their  lymph  from  the  mouth,  nose,  throat, 
ear,  and  scalp. 

The  appearance  of  the  glands  on  section  varies  with  the 
stage  of  the  disease.  In  the  early  stages  the  gland  is 
enlarged,  it  may  be  to  many  times  its  natural  size,  is  normal 
in  appearance  and  consistence,  and  as  there  is  no  peri- 
adenitis it  is  easily  shelled  out  from  its  surroundings.  On 
microscopical  examination,  however,  there  is  evidence  of  in- 
fection in  the  shape  of  bacilli  and  of  characteristic  giant  and 
epithelioid  cells.  At  a  later  stage,  the  gland  tissue  is  studded 
with  minute  yellow  foci  which  tend  to  enlarge  and  in  time  to 
become  confluent,  so  that  the  whole  gland  is  ultimately  con- 
verted into  a  caseous  mass.  This  caseous  material  is  surrounded 
by  the  thickened  capsule  which,  as  a  result  of  peri-adenitis, 
tends  to  become  adherent  to  and  fused  with  surrounding 
structures,  and  particularly  with  layers  of  fascia  and  with  the 
walls  of  veins.  The  caseated  tissue  often  remains  unchanged 
for  long  periods  ;  it  may  become  calcified,  but  more  frequently 
it  liquefies  and  breaks  down  into  tuberculous  pus. 

Tuberculous  disease  in  the  cervical  glands  is  a  common 
accompaniment  or  sequel  of  adenoids,  enlarged  tonsils,  carious 
teeth,  pharyngitis,  middle-ear  disease,  conjunctivitis,  and 
suppurative  lesions  of  the  scalp,  such  as  impetigo.  These 
lesions  afford  the  bacilli  a  chance  of  entry  into  the  lymphatics, 
in  which  they  are  carried  to  the  glands,  where  they  give  rise 
to  tuberculous  disease. 

The  enlargement  may  affect  only  one  gland,  usually  below 
the  angle  of  the  jaw,  and  remain  confined  to  it,  the  gland 
reaching   the  size  of  a  hazel  nut,  and  being  ovoid,  firm, 
and  painless.     More  commonly   the   disease  affects  several 
crlands,  on  one  or  on  both  sides  of  the  neck.    When  the 
disease  commences  in  the  pre-auricular  or  submaxillary  glands, 
it  tends  to  spread  to  those  along  the  carotid  sheath ;  when 
the  posterior  auricular  and  occipital  glands  are  first  involved, 
the  spread  is   to   those  along  the  posterior  border  ot  the 
■   sterno-mastoid.    In  many  cases  all  the  chains  in  front  ot,- 
beneath,  and  behind  this  muscle  are  involved,  the  enlarged 
glands  extending  from  the  mastoid  to  the  clavicle.  ^\hm 
several  glands  are  affected,  they  are  at   first   discrete  and 
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movable,  and  may  even  vary  in  size  from  time  to  time ;  but 
with  the  addition  of  peri-adenitis  they  become  fixed  and 
matted  together,  forming  Large  lobulated  or  nodular  masses. 
They  become  adherent  not  only  to  one  another,  but  also  to 
the  structures  in  their  vicinity — and  notably  to  the  internal 
jugular  vein — a  point  of  importance  in  regard  to  their  removal 
by  operation. 


Pig.  76. — Tuberculous  Glands  showing  progressive  stages  of  disease  : 
enlarged  ;  studded  with  tuberculous  foci ;  caseous. 

At  any  stage  the  progress  of  the  disease  may  be  arrested 
and  the  glands  may  remain  for  long  periods  without  further 
change.  It  is  possible  that  the  tuberculous  tissue  may  undergo 
cicatrisation.  More  commonly  suppuration  ensues,  and  a  cold 
abscess  forms,  but  if  there  is  a  mixed  infection,  the  pyogenic 
factor  being  usually  derived  from  the  throat,  it  may  take  on 
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more  active  features.  The  transition  from  the  solid  to  the 
liquefied  stage  is  attended  with  pain  and  tenderness  in  the 
gland,  which  at  the  same  time  becomes  fixed  and  more  globular, 
and  finally  fluctuation  can  be  elicited. 

If  left  to  itself,  the  softened  tubercle  erupts  through  the 
capsule  of  the  gland  and  infects  the  cellular  tissue.  The 
cervical  fascia  is  perforated,  and  a  cold  abscess,  often  much 
larger  than  the  gland  from  which  it  took  origin,  forms  between 
the  fascia  and  the  overlying  skin.  The  further  stages- 
reddening,  undermining  of  skin  and  external  rupture,  with  the 
formation  of  ulcers  and  sinuses — have  been  described  with 
tuberculous  abscess.  The  ulcers  and  sinuses  may  persist 
indefinitely,  or  may  heal  and  then  break  out  again;  and 
sometimes  the  skin  becomes  the  seat  of  tuberculous  disease, 
which  may  spread  like  lupus,  especially  in  the  submaxillary 
region,  until  it  eventually  extends  from  ear  to  ear.  Healing 
may  finally  take  place  after  all  the  caseous  tubercle  has  been 
extruded,  and  the  resulting  scars  are  extremely  unsightly, 
being  puckered  or  bridled,  or  highly  coloured  and  hypertrophied 
like  keloid. 

While  the  disease  is  most  common  in  childhood  and  youth, 
it  may  be  met  with  even  in  advanced  life;  and  although 
commonly  associated  with  impaired  health  and  unhealthy 
surroundings,  it  may  afi'ect  those  who  are  apparently  robust 
and  are  in  affluent  circumstances. 

Diag7iosis.—li  there  is  no  obvious  cause  of  glandular 
enlargement,  the  presumption  is  that  the  condition  is  tuber- 
culous, and  it  will  usually  be  possible  to  confirm  this  by  one 
or  other  of  the  tuberculin  tests.  These  tests  may  also  serve  to 
differentiate  tuberculous  disease  from  lympho- sarcoma  and  from 
lymphadenoma,  but  if  any  doubt  remains,  one  of  the  glands 
should  be  removed  and  submitted  to  microscopical  exammatiou. 
Signs  of  liquefaction  and  suppuration  support  the  diagnosis  of 
tubercle.  Other  forms  of  sarcoma,  and  the  enlargement  of  an 
accessary  thyroid,  are  less  likely  to  be  confused  with  tuberculous 

E^ilargement  of  the  cervical  glands  from  secondary  cancer 
may  simulate  tuberculosis-especially  when  the  cancerous 
alands  have  undergone  liquefaction— but  is  difterentiated 
bv  its  association  with  cancer  in  the  mouth,  throat,  or  other 
adjacent  part,  and  by  the  early  induration  and  fixation  of  the 

affected  glands.  i  j„ 

The  cold  abscess  which  results  from  tuberculous  glands  is 
to  be  distinguished  from  that  due  to  disease  in  the  cervical 
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spine,  retro-pliaryngeal  abscess,  as  well  as  from  congenital  and 
other  cystic  swellings  in  the  neck. 

Prognosis. — ]Srext  to  Iuidus,  glandular  disease  is  of  all 
tuberculous  lesions  the  least  dangerous  to  life.  Nevertheless, 
a  certain  proportion  of  those  who  suffer  from  it  in  childhood 
or  youth  afterwards  suffer  from  tuberculous  disease  in  the 
bones  or  joints,  and  in  internal  organs,  especially  the  lungs. 

Treatment. — The  conditions  vary  so  widely  in  different 
cases  that  no  one  line  of  treatment  can  be  expected  to  suffice 
in  all :  every  case  must  be  considered  and  dealt  with  on  its 
own  merits. 

^Y^len  seen  in  the  quiescent  stage,  before  there  are  any  signs 
of  liquefaction,  it  is  advisable  to  remove  any  irritation  in  the 
mouth  or  throat,  and  improve  the  general  health  by  fresh  air, 
good  food,  and  cod-liver  oil.  If  the  glandular  enlargement 
persists,  and  especially  if  it  is  on  the  increase,  and  there  is 
evidence  of  extension  to  other  glands,  removal  by  operation 
should  be  recommended.  External  applications  such  as  iodine 
or  mercurial  ointment  should  be  avoided. 

The  excision  of  tuberculous  glands  is  often  an  extensive 
and  difficult   operation,  because  of   the   number  and  deep 
situation  of  the  glands  to  be  removed,  and  of  the  adhesions 
to   surrounding    structures.     The   skin    incision    must  be 
sufficiently  extensive  to  give  access   to  the  whole  of  the 
affected  area,  and  to  avoid  disfigurement,  should,  whenever 
possible,  be  made  in  the  line  of  the  natural  creases  of  the 
skin.    When  glands  are  to  be  removed  from  both  anterior 
and  posterior  triangles,  the   best   access  is  obtained  by  a 
Z-shaped  incision,  the  upper  limb  running  parallel  with  the 
lower  jaw,  the  vertical  limb  along  the  sterno-mastoid,  and 
the  lower  limb  parallel  with  the  clavicle.    In  exposing  the 
glands  the  common  facial   and   other  venous   trunks  may 
require   to   be   clamped   and   tied.     Care   must   be  taken 
not  to  injure  the  important  nerves,  particula];ly  the  spinal 
accessary,  the  vagus,  and  the  phrenic.    The  inframaxillary 
branches  of  the  facial,  the  hypoglossal  and  its  descends g 
branches,   and   the  motor  branches   of   the   deep  cervical 
plexus  are  also  liable  to  be  injured.    The  dissection  is  rendered 
easier  and  is  attended  with  less  risk  of  injury  to  the  nerves,  if 
instead  of  a  knife,  the  conical  scissors  of  Mayo  are  employed' 
in  the  removal  of  matted  glands  beneath  the  sterno-mnstoid  it 
may  be  necessary  to  cut  this  muscle  across  and  to  reflect  the 
clivided  ends  upwards  and  downwards ;  if  the  muscle  itself  is 
mbltrated  with  tubercle,  the  affected  portion  is  removed  alon<^ 
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witli  the  glands.  When  the  glandular  mass  is  closely 
adherent  to  the  internal  jugular  vein,  the  operation  is 
rendered  easier  by  ligating  the  vein  at  the  root  of  the 
neck  and  removing  it  from  below  upwards  along  with  the 
glands  (Watson-Cheyne).  When  the  glands  are  extensively 
affected  on  both  sides  of  the  neck,  it  is  advisable  to 
allow  an  interval  to  elapse  rather  than  to  operate  on  both 
sides  at  one  sitting.  In  closing  the  wound,  the  platysma 
and  cervical  fascia  should  be  reunited  by  means  of  a  fine 


Fig.  77.— Enlarged  Tuberculous  Axillary  Glauds. 


catc^ut  suture  and  the  skin  edges  brought  together  by 
Michel's  clips;  if  drainage  is  called  for,  a  very  fine  glass 
tube  should  be  introduced  through  the  skm  and  fascia  at  a 
little  distance  from  the  main  wound.  .  ^ 

If  the  tonsils  are  enlarged  they  should  not  be  removed  at  the 
same  time  as  the  glands  as  this  entails  a  risk  of  the  operation 
wound  being  infected  from  the  throat.  ,      ,     ,  f 

When  there  are  signs  of  liquefaction  in  the  gland,  or  ol  a 
cold  abscess  in  the  tissues  around,  the  pus  should  be  aspirated 
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through  a  hollow  needle,  the  cavity  filled  with  iodoform  and 
glycerin,  and  the  needle  puncture  closed  by  a  Michel's  clip. 

'\Flien  the  skin  is  broken  and  caseous  tuberculous  tissue  is 
exposed,  healing  is  promoted  by  cutting  away  diseased  skin, 
removing  the  granulation  tissue  with  the  sharp  spoon  and 
packing  the  cavity  with  iodoform  worsted.  Exposure  to  the 
X-rays  is  often  beneficial  in  these  cases.  The  treatment 
of  sinuses  has  already  been  considered. 

Tuberculous  disease  in  the  axillary  glands  may  be  a 
result  of  extension  from  the  glands  in  the  neck,  from 
tuberculous  disease  of  the  mamma,  ribs,  or  sternum,  or  more 
rarely  from  tuberculous  disease  in  the  fingers  or  skin  of  the 
arm.  Sometimes  it  is  impossible  to  discover  the  source  of 
infection,  in  which  case  we  can  only  assume  that  it  has 
taken  place  through  the  blood-stream.  The  glands  frequently 
attain  a  large  size,  and  are  usuall}''  freely  movable.  The 
treatment  consists  in  removing  them  by  an  operation  similar 
to  that  employed  in  clearing  out  the  contents  of  the  axilla  in 
cases  of  cancer  of  the  breast. 

In  the  glands  of  the  groin  tuberculous  disease  is  com- 
paratively rare.  We  have  chiefly  observed  it  in  the  femoral 
glands  as  a  result  of  inoculation  tubercle  on  the  toes  or  sole 
of  the  foot.  The  affected  glands  nearly  always  break  down 
and  suppurate,  and  after  destroying  the  overlying  skin  give 
rise  to  fungating  ulcers.  The  treatment  consists  in  excising 
the  glands  and  the  afi"ected  skin.  The  dissection  may  be 
attended  with  troublesome  haemorrhage  from  the  numerous 
veins  that  converge  towards  the  common  femoral  trunk. 

Tuberculous  affections  of  the  mesenteric  and  hroncliial 
glands  are  described  with  the  surgery  of  regions. 

Syphilitic  Disease  of  Glands. — Enlargement  of  lymphatic 
glands  is  a  prominent  feature  in  acquired  syphilis,  especially 
in  the  form  of  the  indolent  or  bullet-bubo,  which  so 
commonly  accompanies  the  primary  lesion,  and  the  general 
enlargement  of  glands  that  occurs  throughout  the  body  in 
secondary  syphilis.  Gummatous  disease  in  glands  is  extremely 
rare,  although  it  is  slightly  more  common  in  the  inherited 
than  in  the  acquired  form  of  the  disease.  The  affected  gland 
rapidly  enlarges  to  the  size  of  a  walnut,  and  may  then 
persist  for  a  long  period  without  further  change  ;  if  it  breaks 
down,  the  overlying  skin  is  destroyed  and  the  caseated  tissue 
of  the  gumma  exposed. 

Lymphadenoma.— ^ofZ£//rt«'s  Disease  (Pseudo-leukfemia  of 
German  authors).— This  is  a  rare  disease  which  is  chiefly 
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met  witli  in  young  subjects,  and  is  characterised  by  a  painless 
enlargement  of  some  particular  group  of  glands,  most  commonly 
those  in  the  cervical  region  (Fig.  78).  The  glands  are  usually 
larger  than  in  tuberculosis,  and  they  remain  longer  discrete  and 
movable ;  they  are  firm  in  consistence,  and  on  section  present 
a  granular  appearance  due  to  overgrowth  of  the  connective- 
tissue  framework.  In  time  the  glandular  masses  may  form 
enormous  projecting  tumours,  the  swelling  being  added  to  by 
oedema  of  the  overlying  cellular  tissue  and  skin. 

The  enlargement  spreads  along  the  chain  of  glands  to 
those  above  the  clavicle,  to  those  in  the  axilla,  and  to  those 

of  the  opposite  side  (Fig. 
79).  Later,  the  glands 
in  the  groin  become  en- 
larged, and  it  is  probable 
that  the  infection  has 
spread  from  the  neck 
along  the  mediastinal, 
bronchial,  retroperitoneal, 
and  mesenteric  glands, 
and  has  branched  off  to 
the  ihac  and  inguinal 
groups. 

Two  clinical  types  are 
recognised,  one  in  which 
the  disease  progresses 
slowly  and  remains  con- 
fined to  the  cervical  glands 
for  two  or  more  years; 
the  other,  in  which  the 
disease  is  more  rapidly 
disseminated  and  causes  death  in  from  twelve  to  eighteen 

months.  ^.i  i  ui 

When  the  disease  becomes  generalised,  the  patient  s  liealtli 
suffers  and  he  is  feverish  and  anemic.  The  blood  presents 
the  characters  met  with  in  secondary  antemia,  and  polynuclear 
leucocytosis  is  not  an  essentiah  feature  of  the  disease  but  an 
evidence  of  secondary  infection.  The  spleen,  liver,  testes, 
and  mamm*  may  be  enlarged.  The  glandular  swellings  may 
press  on  important  structures,  such  as  the  trachea,  (ssophagus, 
or  great  veins,  and  give  rise  to  symptoms  referable  to  suci 
pressure.  The  origin  of  the  disease  is  as  yet  unknown  but 
analogy  would  suggest  that  it  is  due  to  infection  witii 
slowly  growing  micro-organism. 


Fig.  78. 


-Chronio  Hodgkin's  Disease  in 
a  boy  £Et.  11. 
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Diagnosis. — Considerable  difficulty  attends  the  diagnosis  of 
lymphadenoma  at  an  early  stage.  The  negative  results  of 
tuberculin  tests  may  assist  in  the  diiFerentiation  from  tuber- 
culous disease,  but  we  recommend  the  more  certain  means  of 
excising  one  of  the  suspected  glands  and  submitting  it  to 
microscopical  examination.  Lympho-sarcoma  can  usually  be 
differentiated  by  the  rapid  assumption  of  the  local  features  of 
malignant  disease ;  the  enlargement  associated  with  leuco- 
cythtemia  by  the  characteristic 

\  changes  in  the  blood ;  and  the 
diffuse  enlargement  met  with 
in  syphilis  by  the  presence  of 
other  evidences  of  that  disease. 

Treatment. — In  acute  cases 
of  lymphadenoma,  treatment 
is.  of  little  avail.  Arsenic  may 
be  given  in  full  doses  either 

I  by  the  mouth  or  by  subcutane- 

6  ous  injection ;  the  intravenous 
administration  of  salvarsan 
may  be  given  a  trial.  Excision 
of  glands,  although  sometimes 
beneficial,  seldom  arrests  the 
progress  of  the  disease.  The 
ease  and  rapidity  with  which 
large  masses  of  glands  may  be 

I  shelled  out  is  in  remarkable 
contrast  to  what  is  observed  in 
tuberculous  disease.  Surgical 
interference  may  give  relief 
when  important  structures  are 
being  pressed  upon — tracheo- 
tomy, for  example,  may  be 
required  where  life  is  threat- 
ened by  asphyxia. 

'     Leucocythsemia.  — This  is 

•a  disease  of  the  blood  and  of  the  blood-forming  organs 
which  there  is  a  great  increase  in  the  number,  and 
alteration  of  the  character,  of  the  leucocytes  present  in 
the  blood.  It  may  simulate  lymphadenoma,  because,  in 
certain  forms  of  the  disease,  the  lymphatic  glands,  especially 
those  in  the  neck,  axilla,  and  groin,  are  greatly  enlarged,  and 

'  there  is  a  gradual  failure  of  health. 


Fig.  79. — Advanced  Hodgkin's  Disease 
in  a  boy  Kt.  5. 

(From  Bi'rom  Bramwell's  Atlas  of  Clinical 
Medicine.) 


in 

an 
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Tumours  of  Lymphatic  Glands 

Primary  Tumours.  —  Lymplio-sai-coma,  which  may  be  re- 
garded as  a  sarcoma  starting  in  a  lymphatic  gland,  appears 
in  the  neck,  axilla,  or  mediastinum,  as  a  rapidly  growing 
tumour  consisting  of  one  enlarged  gland  with  numerous 
satellites.  As  the  tumour  increases  in  size,  the  sarcomatous 
tissue  erupts  through  the  capsule  of  the  glands,  and  infiltrates 


Fig.  80.— Cancerous  Glands  in  Neck  secondary  to  Epithelioma 

of  Lip. 
(Mr.  G.  L.  Chiene's  case.) 


the  surrounding  tissues,  whereby  it  becomes  fixed  to  these  and 
to  the  skin. 

The  disease  is  an  extremely  fatal  one,  and  the  only  hope  is 
in  early  excision,  followed  by  the  use  of  the  X-rays. 

Secondary  Tumours.— Next  to  tuberculosis,  secondary  cancer 
is  the  most  common  disease  of  lymphatic  glands.  In  the  neck 
it  is  met  with  in  association  with  epithelioma  of  the  hp,  tongue, 
or  throat.    The  glands  form  tumours  of  variable  size,  and  are 
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often  larger  than  the  primary  growth,  the  characters  of  which 
they  reproduce.  The  glands  are  at  first  movable  and  hard,  but 
soon  become  fixed,  and  in  time  they  soften,  liquefy,  and  burst 
through  the  skin,  forming  foul,  fungating  ulcers.  A  similar 
condition  is  met  with  in  the  groin  from  epithelioma  of  the 
penis,  scrotum,  or  vulva.  In  cancer  of  the  breast,  the  infection 
of  the  axillary  glands  is  an  important  complication. 

In  pigmented  or  melanotic  cancers  of  the  skin,  the  glands 
are  early  infected  and  increase  rapidly,  so  that,  when  the 
primary  growth  is  still  of  small  size — as,  for  example,  on 
the  sole  of  the  foot — the  femoral  glands  may  already  con- 
stitute large  pigmented  tumours. 

The  implication  of  the  glands  in  other  sites  and  varieties  of 
cancer  will  be  considered  with  regional  surgery. 

Secondary  sarcoma  is  seldom  met  with  in  lymphatic  glands 
except  when  the  primary  growth  is  situated  in  the  tonsil, 
thyroid,  or  testicle. 


CHAPTER  XVI 


THE  NERVES 

Anatomy^ — Wounds  of  Nerves  :  Changes  in  nerves  after  division  ; 
Repair  and  its  modifications ;  Clinical  features ;  Primary  and 
secondary  suture — Subcutaneous  Injuries  of  Nera^es — Diseases  : 
Neuritis;  Tumours — Surgery  of  the  individual  nerves:  Brachial 
neuralgia;  Sciatica;  Trigeminal  neuralgia. 

Anatomy. — A  nerve-trunk  is  made  up  of  a  variable  number  of  bundles 
of  nerve  fibres  surrounded  and  supported  by  a  framework  of  connective 
tissue.  The  nerve  fibres  are  chiefly  of  the  meduUated  type,  and  they 
run  without  interruption  from  a  nerve  cell  or  neuron  in  the  brain  or 
spinal  eord  to  their  peripheral  terminations  in  muscle,  skin,  and  secretory 
glands. 

Each  nerve  fibre  consists  of  a  number  of  nerve  fibrils  collected  into  a 
central  bundle — the  axis  cylinder — which  is  surrounded  by  an  envelope, 
the  neurilemma  or  sheath  of  Schwann.  Between  the  neurilemma  and 
the  axis  cylinder  is  the  medullated  sheath  composed  of  a  fatty  substance 
known  as  myelin.  This  medulkted  sheath  is  interrupted  at  the  nodes 
of  Ranvier,  and  in  each  internode  is  a  nucleus  lying  between  the  myelin 
and  the  neurilemma.  The  axis  cyliuder  is  the  essential  conducting 
structure  of  the  nerve,  while  the  neurilemma  and  the  myelin  act  as 
insulating  agents.  The  axis  cylinder  depends  for  its  nutrition  on  the 
central  neuron  with  which  it  is  connected,  and  from  which  it  originally 
developed. 

The  connective-tissue  framework  of  a  nerve-trunk  consists  of  the 
perineurium,  or  general  sheath,  which  surrounds  all  the  bundles  ;  the 
epineiirium,  surrounding  individual  groups  of  bundles  ;  and  the  cndo- 
neurium,  a  delicate  connective  tissue  separating  the  individual  nerve 
fibres.  The  blood-vessels  and  lymphatics  run  in  these  connective-tissue 
sheaths.' 

According  to  Head  and  his  co-workers,  Sherren  and  Rivers,  the 
afferent  fibres  in  the  peripheral  nerves  can  be  divided  into  three 
systems  : —  . 

1.  Those  which  subserve  deep  sensibility  and  conduct  the  impulses 
produced  by  pressure.  The  fibres  of  this  system  run  with  the  motor 
nerves,  and  pass  to  muscles,  tendons,  and  joints.  Even  division  of  both 
the  ulnar  and  the  median  nerves  above  the  wrist  produces  little  loss  of 
deep  sensibility,  unless  the  tendons  arc  also  cut  through.  The  failure 
to  recognise  this  form  of  sensibility  has  been  largely  responsible  for 
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the  conflicting  statements  as  to  the  sensory  phenomena  following 
operations  for  the  repair  of  divided  nerves. 

2.  Those  which  subserve  protopathic  sensibility,  that  is,  arc  capable 
of  responding  to  painful  cutaneous  stimuli  and  to  the  extremes  of  heat 
and  cold.    These  also  endow  the  hairs  with  sensibility  to  pain. 

3.  Those  which  subserve  cpicritic  sensibility,  the  most  highly  special- 
ised, capable  of  appreciating  light  touch  as  a  well-localised  sensation,  and 
the  finer  grades  of  temperature,  called  cool  and  warm  (72-104°  F.),  and 
of  discriminating  as  separate  the  points  of  a  pair  of  compasses  2  cms. 
apart. 


Injuries  of  Nerves 

E&x\&&  are  liable  to  be  cut  or  torn  across,  bruised,  com- 
pressed, stretched,  or  torn  away  from  their  connections  with 
the  spinal  cord. 

Complete  division  is  a  common  result  of  accidental  wounds, 
especially  above  the  wrist,  where  the  ulnar,  median,  and 
radial  nerves  are  frequently  cut  across. 

The  mere  interruption  of  the  continuity  of  a  nerve  results 
in  degeneration  of  its  fibres,  the  myelin  being  broken  up  into 
droplets  and  absorbed,  while  the  axis  cylinders  swell  up, 
disintegrate,  and  finally  disappear.  Both  the  conducting  and 
the  insulating  elements  are  thus  lost.  The  degeneration  in 
the  central  end  of  the  divided  nerve  is  usually  limited  to  the 
unmediate  proximity  of  the  lesion,  and  does  not  even  involve  all 
the  nerve  fibres.  In  the  distal  end,  it  is  generally  believed 
to  extend  throughout  the  entire  peripheral  distribution  of  the 
nerve,  and  to  be  due  to  the  cutting  off  of  the  fibres  from  their 
trophic  nerve  cells  in  the  spinal  cord.  If  there  is  a  gap  left 
between  them,  or  if  they  are  separated  by  scar  tissue,  the 
peripheral  end  undergoes  complete  degeneration  in  from  six 
weeks  to  two  months. 

Process  of  Repair  when  the  Ends  are  in  Contact  —If  the 
woimd  IS  aseptic,  the  ends  of  the  divided  nerve  become  united 
and  the  conducting  paths  are  re-established  by  a  regeneration  of 
nerve  fibres.  There  is  a  difference  of  opinion  as  to  the  method 
ot  regeneration.  Most  authorities  support  the  Wallerian 
doctrine,  that  the  axis  cylinders  in  the  central  end  grow 
downwards,  and  enter  the  nerve  sheaths  of  the  distal  poi^tion 
and  continue  growing  until  they  reach  the  peripheral  termina- 

mveIin^/''Ti!  '  '^T'  «f  time  acquire  a 

myelin  sheath  ;   the  cells  of  the  neurilemma  multiply  and 
orm  long  chains  m  both  ends  of  the  nerve,  and  are  believed 
nEt'/"        ---ishnient  and  support  of  the  a^Mve  y 
lengthening   axis^  cylinders.     The   other  view  is  that  the 
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formation  of  new  axis  cylinders  is  not  confined  to  the  central 
end,  but  that  it  goes  on  also  in  the  peripheral  segment,  ni 
which,  however,  the  new  axis  cyhnders  do  not  attain  maturity 
until  continuity  with  the  central  end  has  been  re-established. 

//  the  wound  becomes  infected  and  suppuration  occurs,  the 
youncT  nerve  fibres  are  destroyed  and  efficient  regeneration  is 
prevented;  the  formation  of  scar  tissue  also  may  constitute 
a  permanent  obstacle  to  new  nerve  fibres  bridging  the  gap.  _ 
When  the  ends  are  not  in  contact,  reunion  of  the  divided 

nerve  fibres  does  not  take  place 
whether  the  wound  is  septic  or 
aseptic.     At   the   proximal  end 
there  forms  a  bulbous  swelHng, 
which   becomes  adherent  to  the 
general  scar  tissue.    It  consists  of 
branching  axis  cylinders  running 
in    all   directions,    these  having 
failed   to   reach   the   distal  end 
because  of  the  extent  of  the  gap 
and  the  presence  of  scar  tissue. 
The  peripheral  end  is  completely 
degenerated,  and  is  represented  by 
a   fibrous  cord,  the  cut   end  of 
which  is  often  slightly  swollen  or 
bulbous,  and  is  also  incorporated 
m  with  the  scar  tissue  of  the  wound. 
In  the  case  of  nerves  divided  in 
an  amputation,  there  is  an  active, 
although  necessarily  abortive,  at- 
tempt at  regeneration,  which  results 
in  the  formation  of  bulbous  swell- 


FlG.  81.— stump  Neuromata  ol 
Sciatic  Nerve,  excised  forty 
Years  after  the  original  auipu- 
tation  by  Mr.  A.  G.  Miller. 


ings  at  the  cut  ends  of  the  nerves, 
there  has   been  suppura- 
so  as  to  be 


When 

Hnn   and  especially  if  the  nerves  have  been  cut 
exposed  I  the  womid,  these  bulbous  swellings  may  attain  an 
abnormal   size,  and  are  then  known  as  "amputation  or 
"stump  neuromata"  (Eig.  81).  ,  ^r-h\o\\ 

When  a  nerve  is  only  V^rtly  dvvzded, 
are  severed  form  new  axis-cylinder  processes,  which  are  con- 
di^ed  across  the  gap  by  the  intact  fibres,  and   Fovided  the 
lr,,;n,l  is  asentic  the  conducting  paths  are  re-established  in 

aSo^I  of  the  formation  of  scar  tissue  between  the  ends  of 
the  divided  fibres. 
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When  a  nerve  is  torn  across  or  badly  crushed — as,  for 
example,  by  a  fractured  bone — the  changes  are  very  similar  to 
those  in  a  divided  nerve,  and  the  ultimate  result  depends  on 
the  amount  of  separation  between  the  ends  and  the  possibility 
of  the  young  axis  cylinders  bridging  the  gap. 

Contusion  of  a  nerve-trunk  is  attended  with  extravasation 
of  blood  into  the  connective-tissue  sheaths,  and  is  followed 
by  degeneration  of  the  contused  nerve  fibres.  Function  is 
usually  restored,  the  conducting  paths  being  re-established  by 
the  formation  of  new  nerve  fibres. 

Symptoms  resulting  from  Division  and  Non-Union  of  a 
Nerve-Trunk. — These  necessarily  vai-y  with  the  functions  of 
the  alfected  nerve.  We  shall  take  as  an  example  a  mixed 
sensori-motor  trunk,  such  as  the  median  or  musculo-spiral 
nerve. 

Sensory  Phenomena. — Superficial  touch  is  tested  by  means 
of  a  wisp  of  cotton  wool  stroked  gently  across  the  skin ;  the 
capacity  of  discriminating  two  points  as  separate,  by  a  pair  of 
blunt-pointed  compasses;  the  sensation  of  pressure,  by  means 
of  a  pencil  or  other  blunt  object ;  of  pain,  by  means  of  a 
needle;  and  of  sensibility  to  heat  and  cold,  by  test-tubes 
containing  water  at  difl"erent  temperatures.  While  these  tests 
are  being  carried  out,  the  patient's  eyes  are  screened  oflf. 

After  division  of  a  nerve  containing  sensory  fibres^,  there  is 
an  area  of  absolute  cutaneous  insensibility  to  touch  (anesthesia), 
to  pain  (analgesia),  and  to  all  degrees  of  temperature — loss  of 
protopathic  sensibility ;  surrounded  by  an  area  of  loss  of  sensa- 
tion to  light  touch,  minor  difi"erences  of  temperature  (72-104° 

F.),  and  discrimination  of  the  two  points  of  a  compass  loss 

of  epicritic  sensibility  (Head  and  Sherren)  (Figs.  87,  89). 

Motor  Phenomena.— There  is  immediate  and  complete  loss 
of  voluntary  power  in  all  the  muscles  supplied  by  the  divided 
nerve.  The  muscles  rapidly  waste,  and  within  from  three  to 
five  days  they  cease  to  react  to  the  faradic  current.  When 
tested  with  the  galvanic  current,  it  is  found  that  a  stronger 
current  must  be  used  to  call  forth  contraction  than  in  a  healthy 
muscle,  and  the  contraction  appears  first  at  the  closing  of  the 
circuit  when  the  anode  is  used  as  the  testing  electrode  The 
loss  of  excitabdity  to  the  interrupted  current,  and  the  specific 
alteration  in  the  type  of  contraction  with  the  constant  current 
IS  kiiown  as  the  Reaction  of  Derieneration.  After  a  few  weeks 
all  electric  excitability  is  lost.  The  paralysed  muscles  undergo 
tatty  degeneration,  which  attains  its  maximum  tliree  or  four 
months  after  the  division  of  the  nerve.    Further  changes  may 
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take  place,  and  result  in  the  transformation  of  the  muscle  into 
fibrous  tissue,  which  by  undergoing  shortening  may  cause 
deformity  known  as  jmralyttG  contracture. 

Vaso-motor  Phenomena. — In  the  majority  of  cases  there  is 
an  initial  rise  in  the  temperature  of  the  part  (2°  to  3"  F.),  with 
redness  and  increased  vascularity.  This  is  followed  by  a^  fall 
in  the  local  temperature,  wliich  may  amount  to  8°  or  10°  F., 
the  parts  becoming  pale  and  cold.  Sometimes  the  hypersemia 
resulting  from  vaso-motor  paralysis  is  more  persistent,  and  is 
associated  with  swelling  of  the  parts  from  oedema— the  so-called 
anqio-neurotic  oedema.  The  vascularity  varies  with  external 
influences,  and  in  cold  weather  the  parts  present  a  bluish 
appearance. 

Trophic  Phenomena. ^Ovruxg  to  the  disappearance  of  the 
subcutaneous  fat,  the  skin  is  generally  smooth  and  thin,  and  it 
may  be  abnormally  dry.    The  hair  is  harsh,  dry,  and  easily 
shed.    The  nails  may  become  brittle  and  furrowed,  or  thick 
and  curved,  and  the  ends  of  the  fingers  become  club-shaped. 
Skin  eruptions,  especially  in  the  form  of  blisters,  may  occur, 
or  there  may  be  actual  ulcers  of  the  skin,  especially  in  winter 
(Fig.  18).     In  aggravated  cases  the  tips  of  the  lingers  may 
disappear  from  progressive  ulceration,  and  in  the  sole  of  the 
foot  a  perforating   ulcer   may  develop.     Arthropathies  are 
occasionally  met  with,  the  joints  becoming  the  seat  of  a  pain- 
less efifusion  or  hydrops,  which  is  followed  by  fibrous  thickening 
of  the  capsular  and  other  ligaments,  and  terminates  in  stiffness 
and  fibrous  ankylosis.    In  this  way  the  fingers  may  be  seriously 
crippled  and  deformed. 

When  a  nerve  is  incompletely  divided,  the  injury  may  produce 
the  most  varying  results  upon  muscular  power  and  on  the 
reaction  to  electrical  stimulation.  In  many  cases  the  muscles 
supplied  by  the  injured  nerve  do  not  lose  voluntary  power, 
and  they  react  normally  to  both  forms  of  electrical  stimulation 
Voluntary  power  may  remain  while  reaction  to  the  interrupted 
current  is  lost;  the  muscles  will  then  respond  more  readily  to 
the  constant  current.  The  contraction  still  occurs  to  the 
necative  pole  more  readily  than  to  the  positive,  and  the 
strlncrth  of  current  necessary  to  cause  contraction  is  consider- 
ably deduced.  This  facile  reaction  to  the  constant  current  also 
occurs  when  voluntary  power  is  lost  and  all  response  to  the 
interrupted  current  is  abolished.  It  is  therefore  a  valuable 
indication  that  the  nerve  has  not  been  completely  severed 
(Head  and  Sherren).  •  * 

Treatment  of  Divided  Nerves.— The  treatment  consists  in 
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approximating  the  divided  ends  of  the  nerve  and  placing  them 
under  the  most  favourable  conditions  for  repair,  and  this  should 
be  done  at  the  earliest  possible  opportunity. 

Primary  Suture. — The  reunion  of  a  recently  divided  nerve 
is  spoken  of  as  primary  suture,  and  for  its  success  asepsis  is 
essential.   As  the  suturing  of  the  ends  of  the  nerve  is  extremely 
painful,  an  antesthetic  is  required.     The  wound  must  be  en- 
larged in  the  long  axis  of  the  affected  nerve,  as  the  ends — 
especially  the  proximal  end— are  usually  retracted.    The  ends, 
having  been  identified,  are  brought  into  contact,  and  secured 
to  each  other  by  the  finest  chromicised  catgut  or  silk,  passed 
by  a  round  needle  such  as  is  used  for  the  intestine.  The 
sutures  are  made  to  transfix  the  ends  of  the  nerve  and  the 
sheath,  and  should  only  be  drawn  tight  enough  to  obtain 
accurate  apposition.    Additional  sutures  may  be  passed  through 
the  sheath.   The  sutured  nerve  may  be  enclosed  in  a  decalcified 
bone  tube  or  the  sterilised  artery  of  a  dog  or  calf.    If  the  ends 
of  the  nerve  are  bruised  or  torn,  fresh  surfaces  should  be 
obtained  by  cutting  them  across.    If  the  nerve  is  only  partly 
divided,  it  may  be  sufficient  to  pass  a  few  sutures  through  the 
sheath.     Tension  on  the  sutures  may  be  relieved  by  flexino- 
adjacent  joints  and  fixing  the  limb  in  a  splint.    When  the 
wound  is  healed  and  while  waiting  for  the  restoration  of  func- 
tion, measures  are  employed  to  maintain  the  nutrition  of  the 
damaged  nerve  and  of  the  parts  supplied  by  it.    The  limb  is 
exercised,  massaged,  and  douched,  and  protected  from  cold  and 
other  injurious  influences.     The  nutrition  of  the  paralysed- 
muscles  is  further  improved  by  electricity.   The  galvanicet^jlSi^ 
IS  employed,  using  at  first  a  mild  current  of  notti^re  thaTfive 
milhamperes  for  about  ten  minutes,  the  curre^l'jeiug  made 
to  flow  downwards  in  the  course  of  the  nerve,  wi°th  the 
positive  electrode  applied  to  the  spine,  and  the  negative  over 
the  affected  nerve  near  its  termination.    It  is  an  advanta^re 
to  have  a  key  m  the  circuit  whereby  the  current  can  be 
opened  and  closed  at  intervals,  so  as  to  cause  contraction  of 
tne  muscles. 

The  results  of  primary  suture,  when  it  has  been  performed 
under  favourable  conditions,  are  usually  satisfactory  In  a 
series  of  cases  investigated  by  Head  and  Sherren,  the  period 
between  the  operation  and  the  first  return  of  sensation  averaged 
7  tl^l  The  length  of  time  necessary  for  the  return  of 
sensibility  to  light  touch  and  intermediate  degrees  of  tempera- 
tire  varied,  but  m  the  majority  of  cases  it  was  about  one  year 
Ihe  return  of  voluntary  motor  povver  in  the  paralysed  muscles 
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and  of  their  contractility  to  the  interrupted  current  averaged 
346  days.  When  sensation  returns,  the  area  of  insensibihty  to 
ijain  steadily  diminishes  and  disappears;  sensibility  to  extremes 
of  temperature  appears  very  soon  after ;  and  last  of  all,  after  a 
considerable  interval,  there  is  simultaneous  return  of  apprecia- 
tion of  light  toiicb,  moderate  degrees  of  temperature,  and  the 
points  of  a  compass. 

Primary  suture  should  not  be  attempted  so  long  as  the  wound 
shows  signs  of  infection,  as  it  is  almost  certain  to  end  in 
failure.  The  ends  should  be  sutured,  however,  as  soon  as  the 
wound  is  aseptic  or  has  healed.  . 

Secondary  Suture.— The  term  secondary  suture  is  applied 
to  the  operation  of  stitching  the  ends  of  the  divided  nerve 
after  the  wound  has  healed.  This  operation  is  difficult  if  the 
ends  are  involved  in  scar  tissue.  An  incision  is  made  m  the 
iTne  of  the  nerve,  and  the  ends  sought  for  If  they  cannot 
be  identified,  the  nerve  should  be  exposed  at  a  httle  distance 
above  and  below,  and  then  traced  into  the  scar.  The  ends  of 
the  nerve,  after  being  freed  from  the  scar,  are  trimmed  with 
scissors  and  approximated  by  sutures 

Eesults  of  Secondary  Suture.-When  secondary  suture  has 
been  perfoi-med  under  favourable  conditions  the  prognosis  is 
good  but  a  much  longer  time  is  required  for  restoration  of 
function  than  after  primary  suture.  Sensation  -  -covered 
first  but  it  seldom  returns  before  three  or  four  months.  There 
then  follows  an  improvement  or  disappearance  of  any  trophic 
diturbances  that  may  be  present.  Recovery  of  motion  may  be 
tfe^ied  for  long  periods-rather  because  of  the  changes  m  the 
muse  e  than  from  want  of  conductivity  in  the  nerve-and  if 
T  muscles  have  undergone  complete  degeneration,  it  may 
never  take  place  at  all.  While  waiting^  for  recovery,  every 
Xt  should^be  made  to  maintain  the  nutrition  of  the  damaged 
nerve  and  of  the  parts  which  it  supplies. 

AVhen  suture  is  found  to  be  impossible,  recourse  must  be 

of  a  po.-t  on  °  t'>°  „f  ti,„  „c,ve  was  practoed 

Ty"*    When  the  gap  betwce,.  the  ends  is  very  w.de. 
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the  ends  may  be  sphced  into  the  nearest  intact  nerve-trunk — 
for  example,  the  widely  separated  ends  of  the  median  may  be 
attached  to  the  ulnar,  an  incision  being  made  through  the 
sheath  of  this  nerve  at  each  point  of  attachment.  The  results 
of  this  procedure — which  has  been  called  nerve  implantation — 
are  often  most  satisfactory. 

Injuries  of  nerves  resulting  from  gun-shot  wounds  may  be 
considered  under  two  heads  : — (1)  those  in  which  the  nerve  is 
directly  damaged  by  the  bullet,  and  (2)  those  in  which  the 
nerve-trunk  is  involved  secondarily  either  by  scar  tissue  in  its 
vicinity  or  by  callus  following  fracture  of  an  adjacent  bone. 
The  primary  injuries  include  contusion,  partial  or  complete 
division,  and  perforation  of  the  nerve-trunk.  One  of  the  most 
.  constant  symptoms  is  the  early  occurrence  of  severe  neuralgic 
pam,  and  this  is  usually  associated  with  marked  hyperesthesia. 
Operative  treatment  is  indicated  if  the  nerve  has  been  divided 
or  if  it  is  involved  in  scar  tissue.  The  liberation  of  a  nerve 
from  adhesions  has  been  termed  neurolysis. 

Involvement  of  Nerves  in  Scar  Tissue.— Pressure  or  traction 
may  be  exerted  upon  a  nerve  by  contracting  scar  tissue,  or  a 
process  of  neuritis  or  perineuritis  may  be  induced. 

"When  terminal  filaments  are  involved  in  a  scar,  it  is  best  to 
dissect  out  the  scar,  and  along  with  it  the  ends  of  the  nerves 
pressed  upon.  When  a  nerve-trunk,  such  as  the  sciatic,  is  in- 
volved in  cicatricial  tissue,  the  nerve  must  be  exposed  and 
treed  from  its  surroundings,  and  then  stretched  so  as  to  tear 
any  adhesions  that  may  be  present  above  or  below  the  part 
exposed.  It  may  be  advisable  to  displace  the  liberated  nerve 
trom  Its  original  position  so  as  to  minimise  the  risk  of  its  in- 
corporation in  the  scar  of  the  original  wound  or  in  that  resulting 
trom  the  operation ;  for  example,  the  musculo-spiral  nerve  may 
be  buried  in  the  substance  of  the  triceps. 

When  the  nerves  in  an  amputation  stump  have  not  been  cut 
sutticiently  short,  they  may  become  involved  in  the  cicatrix, 
ana  it  may  be  necessary,  on  account  of  pain,  to  free  them  from 
jneir  adhesions,  and  to  resect  enough  of  the  terminal  portions 
to  prevent  them  again  becoming  adherent.  When  this  is 
oimcult,  a  portion  may  be  resected  from  each  of  the  nerve- 
trunks  at  a  higher  level ;  and  if  this  fails  to  give  relief,  a  fresh 
rnp?!"  ?  performed.    When  there  is  agonising  pain 

res^en^  fl  "P''''  f^cending  neuritis,  it.  may  be  necessary  to 
resect  the  corresponding  posterior  nerve  roots  within  the  spinal 

Subcutaneous  Injuries  of  Nerves.-Several  varieties  of  sub- 
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cutaneous  injuries  of  nerves  are  met  with.  One  of  the  best 
known  is  the  compression  paralysis  of  the  nerves  of  the 
upper  arm  which  results  from  sleeping  with  the  arm  resting 
on  the  back  of  a  chair  or  the  edge  of  a  table— the  so-called 
"  drunkard's  palsy  "  ;  and  from  the  pressure  of  a  crutch  in  the 
axilla— "crutch  paralysis."  A  similar  form  of  paralysis  is 
sometimes  met  with  from  the  pressure  of  a  tourniquet,  from 
tight  bandages  or  splints,  from  the  pressure  exerted  by  a  dis- 
located bone  or  by  excessive  callus,  and  from  hyper-extension  of 
the  arm  during  anaesthesia. 

In  all  these  forms  there  is  impaired  sensation,  rarely  arnount- 
ing  to  anesthesia,  marked  muscular  wasting,  and  diminution  or 
loss  of  voluntary  motor  power,  while— and  this  is  a  point  of 
great  importance— the  normal  electrical  reactions  are  preserved. . 
There  may  also  develop  trophic  changes  such  as  blisters, 
superficial  ulcers,  and  clubbing  of  the  tips  of  the  fingers.  The 
prognosis  is  usually  favourable,  as  spontaneous  recovery  is  the 
rule  within  from  one  to  three  months.  If,  however,  neuritis 
supervenes,  the  electrical  reactions  are  altered,  the  muscles 
degenerate,  and  recovery  may  be  retarded  or  may  fail  to  take 

Tnjuries  which  act  abruptly  or  instantaneously  are  illustrated 
in  the  crushing  of  a  nerve  by  the  sudden  displacement  of  a 
sharp-edged  fragment  of  bone,  as  may  occur  in  comminuted 
fractures  of  the  humerus.  The  symptoms  include  perversion 
or  loss  of  sensation,  motor  paralysis,  and  atrophy  of  muscles, 
which  show  the  reaction  of  degeneration  from  the  eighth  day 
onwards.  The  presence  of  the  reaction  of  degeneration  influences 
both  the  prognosis  and  the  treatment,  for  it  implies  a  nerve 
lesion  which  is  probably  incapable  of  spontaneous  recovery,  and 
which  can  only  be  remedied  by  operation.  n  ^,    ,  • 

The  treatment  varies  with  the  cause  and  nature  of  the  lesion. 
When,  for  example,  a  displaced  bone  or  a  mass  of  callus  is 
pressing  upon  the  nerve,  steps  must  be  taken  to  relieve  the 
pressure,  by  operation  if  necessary.  When  there  is  reason  to 
believe  that  the  nerve  is  severely  crushed  or  torn  across,  it 
should  be  exposed  by  incision,  and,  after  removal  of  the  damaged 
ends,  should  be  united  by  sutures.  When  it  is  impossible  to 
make  a  definite  diagnosis  as  to  the  state  of  the  nerve,  it  i. 
better  to  expose  it  by  an  exploratory  operation  and  th"S  l^JJ" 
the  exact  state  of  affairs  without  delay;  in  the  event  of  t  e 
nerve  being  torn,  the  ends  should  at  once  be  united  bj 

'''DisTocation  of  Nerves.-This  injury,  which  resembles  the 
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dislocation  of  tendons  from  their  grooves,  is  seldom  met  with 
except  in  the  ulnar  nerve  at  the  elbow,  and  is  described  with 
injuries  of  this  nerve. 
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Traumatic  Neuritis. — This  consists  in  an  overgrowth  of  the 
■  connective-tissue  framework  of  a  nerve,  which  causes  irritation 
and  pressure  upon  the  nerve  fibres,  sometimes  resulting  in  their 
degeneration.  It  may  originate  in  connection  with  a  wound 
in  the  vicinity  of  a  nerve,  as,  for  example,  when  the  brachial 
nerves  are  involved  in  .  scar  tissue  subsequent  to  an  operation 
for  clearing  out  the  axilla  for  cancer ;  or  in  contusion  and 
compression  of  a  nerve — for  example,  by  the  pressure  of  the 
head  of  the  humerus  in  a  dislocation  of  the  shoulder.  Some 
weeks  or  months  after  the  injury,  the  patient  complains  of 
increasing  hyperajsthesia  and  of  neuralgic  pains  in  the  course 
of  the  nerve.  The  nerve  is  very  sensitive  to  pressure,  and,  if 
superficial,  may  be  felt  to  be  swollen.  The  associated  muscles 
are  wasted  and  weak,  and  are  subjected  to  convulsive  twitchings. 
There  are  also  trophic  disturbances.  It  is  rare  to  have  complete 
sensory  and  motor  paralysis.  The  disease  is  commonest  in  the 
nerves  of  the  upper  extremity,  and  the  hand  is  often  crippled 
and  useless. 

Treatment. — Any  constitutional  condition  which  predisposes 
to  neuritis,  such  as  gout,  diabetes,  or  syphilis,  must  receive 
appropriate  treatment.  The  symptoms  may  be  relieved  by 
rest  and  by  -soothing  applications,  such  as  belladonna  or 
menthol,  by  the  use  of  hot-air  and  electric  baths,  and  in 
obstniate  cases  by  blistering  or  by  the  application  of  Corrigan's 
button.  When  such '  treatment  fails  the  nerve  may  be 
stretched,  or,  in  the  case  of  a  purely  sensory  trunk,  a  portion 
may  be  excised.  Local  causes,  such  as  involvement  of  the 
nerve  m  a  scar  or  in  adhesions,  may  afford  indications  for 
operative  treatment. 

Multiple  Peripheral  Neuritis.— Although  this  disease  mainly 
comes  under  the  cognisance  of  the  physician,  it  may  be  attended 
with  phenomena  which  call  for  surgical  interference. 

It  may  result  from  a  number  of  causes,  acting  singly  or  in 
combination.  In  this  country  it  is  most  commonly  due  to 
alcohohsm,  but  it  may  result  from  diabetes  or  from  chronic 
poisoning  with  lead  or  arsenic,  or  from  bacterial  infections 
and  intoxications  such  as   occur  in  diphtheria,  gonorrhoea 
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syphilis,  leprosy,  typhoid,  influenza,  beri-beri,  and  many  other 
diseases. 

It  is,  as  a  rule,  widely  and  symmetrically  distributed  through- 
out the  peripheral  nerves,  but  the  distribution  frequently  varies 
with  the  cause — the  alcoholic  form,  for  example,  mainly  affect- 
ing the  legs,  the  diphtheric  form  the  soft  palate  and  pharynx, 
and  that  associated  with  lead-poisoning  the  forearms.  The 
essential  lesion  is  a  degeneration  of  the  conducting  fibres  of 
the  affected  nerves,  and  the  prominent  symptoms  are  the  result 
of  this.  The  sensory  phenomena  include  numbness  and  tingling, 
especially  in  the  fingers  and  toes,  and  pain  and  tenderness  along 
the  nerves  ;  complete  anaesthesia  is  rare.  The  motor  phenomena 
include  weakness  or  actual  paralysis  of  muscles,  with  wasting, 
loss  of  the  tendon  reflexes,  and,  in  advanced  cases,  the  reaction 
of  degeneration.  In  alcoholic  neuritis  there  is  great  tenderness 
of  the  muscles.  When  the  legs  are  affected  the  patient  may  be 
unable  to  walk,  and  the  toes  may  droop  and  the  heel  be  drawn 
up,  resulting  in  one  variety  of  pes  equino-varus.  Pressure 
sores  and  perforating  ulcer  of  the  foot  are  the  most  important 
trophic  phenomena. 

Apart  from  the  medical  treatment — which  includes  the  use  of 
remedies  directed  towards  the  cause  of  the  neuritis,  and  for  the 
relief  of  pain — measures  must  be  taken  to  prevent  deformity, 
especially  when  the  legs  are  afi'ected.  The  bed-clothes  are  sup- 
ported by  a  cage,  and  the  foot  maintained  at  right  angles  to  the 
leg  by  sand-bags  or  splints.  When  the  disease  is  subsiding, 
the  nutrition  of  the  damaged  nerves  and  muscles  should  be 
maintained  by  massage,  baths,  passive  movements,  and  the  use 
of  the  galvanic  current. 


NEUEOMATA  i 

Neuroma  is  a  clinical  term  applied  to  all  tumours,  irrespective 
of  their  structure,  which  have  their  seat  in  nerves. 

Tumours  composed  of  newly  formed  nerve  tissue  are  spoken 
of  as  true  neuromata;  when  ganglionic  cells  are  present  in 
addition  to  nerve  fibres,  the  name  ijanglionic  neuroma  is 
applied.  These  tumours  are  rare,  and  are  chiefly  met  with  in 
the  main  cords  or  abdominal  plexuses  of  the  sympathetic  system 
of  children  or  young  adults.  They  may  be  solitary  or  multiple, 
circumscribed  or  diffused,  and  they  are  quite  insensitive,  ilieir 

1  We  have  followed  the  clnssification  adopted  by  Alexis  Tljouisou  iii  his 
work  On  Neuroma  and  Ncuro-fihromatosk.    Edniburgli :  1900. 
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removal  is  only  called  for  if  they  cause  inconvenience  or  show 
signs  of  malignancy. 

The  false  neuromata  are  connective-tissue  overgrowths  of  the 
sheaths  of  nerves.  This  overgrowth  may  result  in  the  formation 
of  a  circumscribed  tumour,  or  may  take  the  form  of  a  diffuse 
fibromatosis. 

The  circumscribed  or  solitary  tumours  grow  from  the  sheaths 
of  nerves  which  are  otherwise  healthy,  and  they  may  be 
innocent  or  malignant. 

The  innocent  forms  are  usually  fibrous  or  myxomatous,  and 
are  definitely  encapsulated.  They  may  become  cystic  as  a 
result  of  hemorrhage  or  of  myxomatous  degeneration.  They 
grow  very  slowly,  are  usually  elliptical  in  shape,  and  the  solid 
forms  are  rarely  larger  than  a  hazel  nut.  The  nerve  fibres  may 
be  spread  out  all  round  the  tumour,  or  may  run  only  on  one 
side  of  it.  When  subcutaneous  and  related  to  the  smaller  un- 
named cutaneous  nerves,  they  are  known  asiminful  subcutaneous 
nodules  or  tubercles.  These  are  chiefly  met  with  in  the  lower 
extremities,  and  most  often  in  women.  They  are  remarkably 
sensitive,  even  gentle  handling  causing  intense  pain,  which 
usually  radiates  to  the  periphery  of  the  nerve  affected.  When 
related  to  deeper,  named  nerve-trunks,  they  are  known  as 
trunk  neuromata.  These  are  usually  less  sensitive  than  the 
"subcutaneous  nodule,"  and  they  rarely  give  rise  to  motor 
symptoms  unless  when  involving  the  nerve  roots  within  the 
spinal  canal. 

These  tumours  are  recognised  clinically  by  their  position  in 
the  line  of  a  nerve,  by  the  fact  that  they  are  movable  in  the 
transverse  axis  of  the  nerve  but  not  in  its  long  axis,  and  by 
their  being  painful  and  sensitive. 

Treatment. — If  they  cause  much  suffering  they  should  be 
removed,  preferably  by  shelling  them  out  from  the  investing 
nerve  sheath  or  capsule.  If  the  nerve  is  damaged,  the  portion 
to  which  the  tumour  is  attached  should  be  resected  and  the 
ends  sutured.  In  the  subcutaneous  nodule  the  nerve  is  rarely 
recognisable,  and  is  usually  sacrificed. 

The  malignant  neziroma  is  really  a  sarcoma  growing  from 
the  sheath  of  a  nerve.  It  has  the  same  characters  and  clinical 
features  as  the  innocent  neuroma,  only  it  grows  more  rapidly, 
and  by  destroying  the  nerve  fibres  causes  motor  symptoms— 
jerkmgs  followed  by  paralysis.  The  sarcoma  tends  to  spread 
along  the  lymphatic  si)a(;es  of  the  afliected  nerve-trunk,  as  well 
as  to  miplicate  the  surrounding  tissues,  and  is  liable  to  give 
rise  to  secondary  growths.    The  malignant  neuroma  is  met 
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with  chiefly  in  the  great  sciatic  and  other  large  nerves  of  the 
limbs. 

The  best  treatment  is  to  amputate  the  limb  well  above  the 
growth,  as  mere  removal  of  the  tumour  is  usually  followed  by 
reciirrence.  In  incurable  cases  it  may  be  possible  to  relieve 
pain  by  excising  a  portion  of  the  nerve  above  the  tumour,  or, 
when  this  is  impracticable,  by  resecting  the  posterior  nerve 
roots  and  their  ganglia  within  the  spinal  canal. 

The  so-called  amputation  neuromata  have  already  been 
referred  to  (p.  352). 

Diffuse  or  Generalised  Neuro-Fihromatosis — ReeJdinghausen's 
Disease. — These  terms  are  now  used  to  include  what  were 
formerly  known  as  "  multiple  neuromata,"  as  Avell  as  certain 
other  overgrowths  related  to  nerves.  The  essential  lesion  is  an 
overgrowth  of  the  endoneural  connective  tissue  throughout  the 
nerves  of  both  the  cerebro-spinal  and  sympathetic  systems. 


Fig.  82.— Diffuse  enlargement  of  Nerves  in  generalised  Neuro-Fibromatosis. 

(After  R.  W.  Smith.) 

The  nerves  are  diffusely  and  unequally  thickened,  so  that 
small  twigs  may  become  enlarged  to  the  size  of  the  median, 
while  at  irregular  intervals  along  their  course  the  connective- 
tissue  overgrowth  is  exaggerated  so  as  to  form  tumour-like 
swellings  very  similar  to  the  trunk-neuromata  already  described. 
The  tumours,  which  vary  greatly  in  size  and  number— as  many 
as  a  thousand  have  been  counted  in  one  case— are  enclosed 
in  a  capsule  derived  from  the  nerve  sheath.  The  fibromatosis 
may  also  affect  the  cranial  nerves,  the  ganglia  on  the  posterior 
nerve  roots,  the  nerves  within  the  spinal  canal,  and  the  sympa- 
thetic nerves  and  ganglia,  as  well  as  the  continuations  of  the 
motor  nerves  within  the  muscles.  The  nerve  fibres,  although 
mechanically  displaced  and  dissociated  by  the  overgrown  endo- 
neurium,  undergo  no  structural  change. 

The  disease  probably  originates  before  birth,  although  it  may 
not  make  its  appearance  till  adolescence  or  even  till  adult  lite. 
It  is  sometimes  met  with  in  several  members  of  one  family. 
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It  is  recognised  clinically  by  the  presence  of  nraltiple  tumours 
in  the  course  of  the  nerves,  and  sometimes  by  palpable  enlarge- 
ment of  the  superficial  nerve-trunks  (Fig.  82).  The  tumours 
closely  resemble  the  solitary  trunk-neuroma,  and  they  often 
remain  quite  insensitive.  As  a  result  of  injury  or  other 
exciting  cause,  however,  one  or  other  tumour  may  increase 
in  size  and  become  extremely  sensitive.  The  pain  is  much 
increased  by  handling,  and  may  interfere  vt^ith  sleep.  Motor 
disturbances  ai-e  exceptional,  unless  in  the  case  of  tumours 
within  the  spinal  canal,  which  may  press  on  the  cord  and 
cause  paraplegia.  Neuro- 
fibromatosis is  frequently 
accompanied  by  pigmentation 
of  the  skin  in  the  form  of 
brown  spots  or  patches  scat- 
tered over  the  trunk. 

The  disease  is  often  sta- 
tionary for  long  periods.  In 
progressive  cases  the  patient 
becomes  exhausted,  and  usu- 
ally dies  of  some  intercurrent 
affection ,  particularly  ph  thisis. 
The  treatment  is  restricted 
to  relieving  symptoms  and 
complications. 

In  a  considerable  propor- 
tion of  cases  one  or  other 
of  the  multiple  tumours 
takes  on  the  characters  of 
a  malignant  growth  ("sec- 
ondary malignant  neuroma," 
Garre).  This  malignant 
transformation  may  follow 
upon  injury,  or  on  an  attempt  to  remove  the  tumour.  The 
features  are  those  of  a  rapidly  growing  sarcoma  involving  a 
nerve-trunk,  with  agonising  pain  and  muscular  cramps,  followed 
by  paralysis  from  destruction  of  the  nerve  fibres.  The  removal 
of  the  tumour  is  usually  followed  by  recurrence  both  in  the 
nerve  affected  and  in  other  nerves,  so  that  high  amputation 
is  the  only  treatment  to  be  recommended.  Metastasis  to 
internal  organs  is  exceptional. 

There  are  certain  special  types  of  neuro-fibromatosis  which 
require  brief  mention. 

The  plexi/orm  neuroma  (Fig.  83)  is  a  fibromatosis  confined  to 


Fig.  83. — Plexiform  Neuroma  of  small 
Sciatic  Nerve,  from  a  girl  ret.  16. 

(Mr.  Annandale's  case.) 
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the  distribution  of  one  or  more  contiguous  nerves  or  of  a  plexus 
of  nerves,  and  it  may  occur  either  by  itself  or  along  with 
a  generalised  neuro-fibromatosis.  The  clinical  features  are 
those  of  an  ill-defined  swelling  composed  of  a  number  of 
tortuous,  convoluted  cords,  lying  in  a  loose  areolar  tissue  and 
freely  movable  on  one  another.  It  is  rarely  the  seat  of  pain  or 
tenderness.    It  most  often  appears  in  the  early  years  of  life, 

sometimes  in  relation  to  a  pig- 
mented or  hairy  mole.  It  is  usually 
subcutaneous,  and  is  frequently 
situated  on  the  head  or  neck  in 
the  distribution  of  the  trigeminal 
or  superficial  cervical  nerves.  The 
results  of  excision  are  satisfactory, 
even  if  the  removal  is  not  quite 
complete. 

The  cutaneous  neuro-fibroma  or 
molluscum  fihrosum  has  been  shown 
by  von  Recklinghausen  to  be  a 
soft  fibroma  related  to  the  terminal 
filaments  of  the  cutaneous  nerves 
(Fig.  84).  The  disease  appears  in 
the  form  of  multiple,  soft,  project- 
ing tumours  of  the  skjxi,  scattered 
all  over  the  body,  except  the 
palms  of  the  hands  and  soles  of  the 
feet,  and  frequently  associated  with 
pigmentation  of  the  skin  and  with 
multiple  tumours  of  the  nerve- 
trunks.  In  exceptional  cases  one 
of  the  skin  tumours  may  attain 
an  enormous  size  and  cause  a 
hideous  deformity,  hanging  down 
by  its  own  weight  in  lobulated 
or  folded  masses  (pachy-dermato- 
cele).  These  growths  are  very 
closely  related  to  the  plexiform 
neuroma,  and  the  skin  over  them  may  be  pigmented  and  hairy. 
The  treatment  consists  in  removing  the  larger  swellings ;  the 
small  multiple  tumours  rarely  call  for  interference. 

Elephaniiasis  neuromatosa  is  the  name  applied  by  Virchow 
to  a  condition  in  which  a  limb  is  swollen  and  misshapen  as  a 
result  of  the  extension  of  a  neuro-fibromatosis  to  the  skui^aml 
cellular  tissue  of  the  extremity  as  a  whole  (Fig.  85).  While 


Fig.  84.— Multiple  Neuro-Fibro- 
mata   of   Skiu  (Molluscum 
fibrosnm). 
(After  von  Recklinghausen.) 
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it  resembles  other  forms  of  elephantiasis,  it  usually  begins  in 
early  life  without  apparent  cause,  and  it  may  be  associated  with 


Fig.  85.— Elephantiasis  Neuromatosa  iu  a  woman  ret.  28. 

multiple  tumours  of  the  nerve-trunks.  The  inconvenience 
caused  by  the  bulk  and  weight  of  the  limb  may  justify  its 
removal  by  amputation. 
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SURGERY  OF  THE  INDIVIDUAL  NERVES  ^ 

The  Brachial  Plexus. — Lesions  of  the  brachial  plexus  may 
be  divided  into  those  above  the  clavicle,  which  usually  result 
from  indirect  violence,  the  force  being  applied  to  the  head  or 
shoulder ;  and  those  below  the  clavicle,  which  are  usually 
caused  by  direct  violence  through  the  dislocated  head  of  the 
humerus. 

In  the  sujpra-clavicular  injuries,  the  violence  applied  to  the 
head  or  shoulder  causes  over-stretching  of  the  anterior  primary 
divisions  of  the  cervical  nerves,  the  fifth,  or  the  fifth  and  sixth 
being  those  most  liable  to  suffer  in  this  way.    Sometimes  the 
traction  is  exerted  upon  the  plexus  from  below,  as  when  a  man 
in  falling  from  a  height  endeavours  to  save  himself  by  clutch- 
ing at  some  projection,  and  the  injury  mainly  affects  the  first 
dorsal  nerve.    The  lesion  usually  consists  in  a  tearing  of  the 
nerve  sheaths,  Avith  haemorrhage,  but  in  more  severe  cases 
partial  or  complete  severance  of  nerve  fibres  may  occur  and 
these  give  way  at  different  levels.    During  the  healing  process 
an  excess  of  "fibrous  tissue  is  formed,  which  may  seriously 
interfere  with  regeneration.    Post-ancesthetic  paralysis  occurs 
in  patients  in  whom,  during  the  course  of  an  operation,  the 
arms  are  abducted  and  rotated  outwards  or  extended  above  the 
head,  causing  over-stretching  of  the  plexus,  especially  of  the 
fifth,  or  fifth  and  sixth,  anterior  primary  divisions.    A  cervical 
rib  may  damage  the  plexus  by  direct  pressure,  the  part  usually 
affected  being  the  inner  cord,  which  is  made  up  of  fibres  from 
the  eighth  cervical  and  first  dorsal  nerves.    When  a  lesion 
of  the  brachial  plexus  complicates  a  fracture  of  the  clavicle, 
the  nerve  injury  is  due,  not  to  pressure  on  or  laceration  of 
the  nerves  by  fragments  of  bone,  but  to  the  violence  causmg 
the  fracture,  and  this  is  usually  applied  to  the  point  of  the 
shoulder.     Penetrating  tvounds  involving  the  plexus,  apart 
from  those  met  with  in  military  practice,  are  rare. 

In  the  infra-clavicular  injuries  of  the  plexus,  the  lesion  most 
often  results  from  the  direct  pressure  of  the  dislocated  head 
of  the  humerus;  occasionally  from  attempts  made  to  reduce 
the  dislocation  by  the  heel-in-the-axilla  method,  or  from 
fracture  of  the  upper  end  of  the  humerus  or  of  the  neck  of  the 
scapula.  The  whole  plexus  may  sufter,  but  more  frequently 
only  the  inner  cord  is  implicated. 

1  We  desire  here  to  acknowledge  our  indebtedness  to  Mr.  James  Slierren  s 
work  on  Injuries  of  Nerves  and  their  2'reatmen'.  190S. 
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Clinical  Features. — Three  types  of  lesion  result  from  indirect 
violence :  the  whole  plexus ;  the  upper-arm  type ;  and  the 
lower-arm  type. 

Wien  the  whole  plexus  is  involved,  sensibility  is  lost  over  the 
entire  forearm  and  hand  and  over  the  outer  surface  of  the  arm, 
in  its  lower  two-thirds.  All  the  muscles  of  the  arm,  forearm,; 
and  hand  are  paralysed,  and,  as  a  rule,  the  pectorales  and 
spinati,  but  the  rhomboids  and  serratus  magnus  escape.  There 
is  paralysis  of  the  sympathetic  fibres  to  the  eye  and  orbit,  with, 
narrowing  of  the  palpebral  fissure  and  recession  of  the  globe, 
and  the  pupU  is  slow  to  dilate  when  shaded  from  the 
light. 

The  upper-arm  type — Erb-Duchenne  paralysis — is  that  most 
frequently  met  with,  and  it  is  due  to  a  lesion  of  the  fifth 
anterior  primary  division,  or,  it  may  be,  also  of  the  sixth.  The 
position  of  the  upper  limb  is  typical :  the  arm  and  forearm 
hang  close  to  the  side,  with  the  forearm  extended  and  pro- 
nated ;  the  deltoid,  spinati,  bice^JS,  brachialis  anticus,  and 
supinators  are  paralysed,  and  in  some  cases  the  radial  extensorsj 
of  the  wrist  and  the  pronator  radii  teres  are  also  affected.  The 
patient  is  unable  to  supinate  the  forearm  or  to  abduct  the  arm; 
and  in  most  cases  to  flex  the  forearm.  He  may,  however, 
regain  some  power  of  flexing  the  forearm  when  it  is  fully  pro- 
nated,  the  extensors  of  the  wrist  becoming  feeble  flexors  of  the 
elbow.  There  is,  as  a  rule,  no  loss  of  sensibility,  but  complaint 
may  be  made  of  tickling  and  of  pins-and-needles  over  the  outer 
side  of  the  arm.  The  abnormal  position  of  the  limb  may  per- 
sist although  the  muscles  regain  the  power  of  voluntary  move- 
ment, and  as  the  condition  frequently  follows  a  fall  on  the 
shoulder,  great  care  is  necessary  in  diagnosis,  as  the  condition 
is  apt  to  be  attributed  to  an  injury  to  the  circumflex  nerve. 

The  loioer-arm  type  of  paralysis,  associated  with  the  name  of 
Klumpke,  is  usually  due  to  over-stretching  of  the  plexus,  and 
especially  afi"ects  the  anterior  primary  division  of  the  first  dorsal 
nerve.  In  typical  cases  all  the  intrinsic  muscles  of  the  hand 
are  afi'ected,  and  the  hand  assumes  the  claw  shape.  Sensibility 
is  usually  altered  over  the  inner  side  of  the  arm  and  forearm, 
and  there  is  paralysis  of  the  sympathetic. 

Infra-clavicular  injuries,  as  already  stated,  are  most  often 
produced  by  a  sub-coracoid  dislocation  of  the  humerus;  the 
inner  cord  is  that  most  frequently  injured,  and  the  muscles 
paralysed  are  those  supplied  by  the  ulnar  nerve,  with,  in 
addition,  those  intrinsic  muscles  'of  the  hand  supplied  by  the 
median.    Sensibility  is  aff"ected  over  the  inner  surface  of  the 
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forearm  and  ulnar  area  of  the  hand.    Injury  of  the  outer  and 
posterior  cords  is  very  rare. 

Treatment  is  carried  out  on  the  lines  already  laid  down  for 
nerve  injuries  in  general.  It  is  impossible  to  diagnose  between 
complete  and  incomplete  rupture  of  the  nerve  cords,  until 
sufficient  time  has  elapsed  to  allow  of  the  establishment  of  the 
reaction  of  degeneration.  If  this  is  present  at  the  end  of 
fourteen  days,  operation  should  not  be  delayed.  Access  to  the 
cords  of  the  plexus  is  obtained  by  a  dissection  similar  to  that 
employed  for  the  subclavian  artery,  and  the  nerves  are  sought 
for  as  they  emerge  from  under  cover  of  the  scalenus  anticus, 
and  are  then  traced  until  the  seat  of  injury  is  found.  In  the 
case  of  the  first  dorsal  nerve,  it  may  be  necessary  temporarily 
to  resect  the  clavicle.  The  usual  after-treatment  must  be  per- 
sisted in  until  recovery  ensues,  and  care  must  be  taken  that  the 
paralysed  muscles  do  not  become  over-stretched.  The  prognosis 
is  less  favourable  in  the  supra-clavicular  lesions  than  in  those 
below  the  clavicle,  which  nearly  always  recover  without  surgical 
intervention. 

In  the  brachial  birth-paralysis  met  with  in  infants,  the 
lesion  is  due  to  over-stretching  of  the  plexus,  and  is  nearly 
always  of  the  Erb-Duchenne  type.  The  injury  is  usually  uni- 
lateral, it  occurs  with  almost  equal  frequency  in  breech  and  in 
vertex  presentations,  and  the  left  arm  is  more  often  affected 
than  the  right.  The  lesion  is  seldom  recognised  at  birth.  The 
first  symptom  noticed  is  tenderness  in  the  supra-clavicular  region, 
the  child  crying  when  this  part  is  touched  or  the  arm  is  moved. 
The  attitude  may  be  that  of  the  Erb-Duchenne  type,  or  the 
whole  of  the  muscles  of  the  upper  limb  may  be  flaccid,  and  the 
arm  hangs  powerless.  A  considerable  proportion  of  the  cases 
recover  spontaneously.  The  upper  arm  is  to  be  kept  at  rest, 
with  the  affected  muscles  relaxed,  and,  as  soon  as  tenderness 
has  disappeared,  daily  massage  and  passive  movements  are 
employed.  The  reaction  of  degeneration  can  rarely  be  satis- 
factorily tested  before  the  child  is  three  months  old,  but  if 
it  is  present,  an  operation  should  be  performed.  After  operation, 
the  shoulder  should  be  elevated  so  that  no  traction  is  exerted 
on  the  affected  cords. 

The  nerve  of  Bell,  which  supplies  the  serratus  magnus,  is 
rarely  injured.  In  those  whose  occupation  entails  carrying 
weights  upon  the  shoulder  it  may  be  contused,  and  the  resulting 
paralysis  of  the  serratus  is  usually  combined  with  paralysis  of 
the  lower  part  of  the  trapezius,  the  branches  from  the  thn-d  and 
fourth  cervical  nerves  which  supply  this  muscle  also  being  exposed 
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to  pressure  as  they  pass  across  the  root  of  the  neck.  There  is 
complaint  of  pain  above  the  clavicle,  and  marked  winging  of 
the  scapula ;  the  patient  is  unable  to  raise  the  arm  in  front  of 
the  body  above  the  level  of  the  shoulder  or  to  perform  any 
forward  pushing  movements  ;  on  attempting  either  of  these  the 
winging  of  the  scapula  is  at  once  increased.  If  the  scapula  is 
compared  with  that  on  the  sound  side,  it  is  seen  that,  in 
addition  to  the  lower  angle  being  more  prominent,  the  spine  is 
more  horizontal  and  the  lower  angle  nearer  the  middle  line. 
The  majority  of  these  cases  recover  if  the  limb  is  placed  at 
absolute  rest,  the  elbow  supported,  and  massage  and  galvanism 
persevered  with.  If  the  paralysis  persists,  the  sterno-costal 
portion  of  the  pectoralis  major  may  be  transplanted  to  the 
lower  angle  of  the  scapula. 

The  nerve  of  Bell  may  be  cut  across  while  clearing  out  the 
axillary  contents  in  the  radical  operation  for  cancer  of  the 
breast ;  the  displacement  of  the  scapula  is  not  so  marked  as 
in  the  preceding  type,  and  the  patient  is  able  to  perform 
pushing  movements  below  the  level  of  the  shoulder.  If  the 
reaction  of  degeneration  develops,  an  operation  may  be  per- 
formed, the  ends  of  the  nerve  being  sutured,  or  the  distal  end 
grafted  into  the  posterior  cord  of  the  brachial  plexus. 

The  Circumflex  Nerve. — In  the  majority  of  cases  in  which 
paralysis  of  the  deltoid  follows  upon  an  injury  of  the  shoulder, 
it  is  due  to  a  lesion  of  the  fifth  cervical  nerve,  as  has  already 
been  described  in  injuries  of  the  brachial  plexus.  The  circum- 
flex nerve  itself  as  it  passes  round  the  neck  of  the  humerus 
is  most  liable  to  be  injured  from  the  pressure  of  a  crutch,  or 
of  the  head  of  the  humerus  in  sub-glenoid  dislocations,  or  in 
fractures  of  the  neck  of  the  scapula  or  of  the  humerus.  In 
mmers,  who  work  for  long  periods  lying  on  the  side,  the  muscle 
may  be  paralysed  by  direct  pressure  on  the  terminal  filaments 
of  the  nerve,  and  the  nerve  may  also  be  involved  as  a  result  of 
inflammation  of  the  sub-deltoid  bursa. 

The  deltoid  is  wasted,  and  the  acromion  unduly  prominent. 
In  recent  cases  the  paralysis  of  the  muscle  is  easily  detected! 
in  cases  of  long  standing  it  is  not  so  simple,  because  other 
muscles,  the  spinati,  the  clavicular  fibres  of  the  pectoral  and 
the  serratus,  take  its  place  and  elevate  the  arm  ;  there  is  always 
loss  of  sensation  on  the  outer  aspect  of  the  shoulder.  There  is 
rarely  any  call  for  operative  treatment,  as  the  paralysis  isusuallv" 
compensated  for  by  other  muscles. 

_  When  the  suprascapular  nerve  is  contused  or  stretched 
in  injuries  of  the  shoulder,  the  spinati  muscles  are  paralysed 
VOL.  I.— 24 
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and  wasted,  the  spine  of  the  scapula  is  unduly  prominent,  and 
there  is  impairment  in  the  power  of  abducting  the  arm  and 
rotating  it  outwards. 

The  musculo-cutaneous  nerve  is  very  rarely  injured;  when 
cut  across,  there  is  paralysis  of  the  coraco-hrachialis,  biceps  and 
part  of  the  brachialis  anticus,  but  no  movements  are  abolished, 
the  forearm  being  flexed,  in  the  pronated  position,  by  the 
supinator  longus  and  long  radial  extensor  of  the  wrist ;  in  the 
supinated  position,  by  that  portion  of  the  brachialis  anticus 
supplied  by  the  musculo-spiral  nerve.  Supination  is  feebly 
performed  by  the  supmator  brevis.  Protopathic  and  epicritic 
sensibility  are  lost  over  the  radial  side  of  the  forearm. 

Musculo-Spiral  Nerve. — From  its  anatomical  relationships 
this  trunk  is  more  exposed  to  injury  than  any  other  nerve  in 
the  body.  It  is  frequently  compressed  against  the  humerus  in 
sleeping  with  the  arm  resting  on  the  back  of  a  chau-,  especially 
in  the  deep  sleep  of  alcoholic  intoxication  (drunkard's  palsy). 
It  may  be  pressed  upon  by  a  crutch  in  the  axilla,  by  the 
dislocated  head  of  the  humerus,  or  by  violent  squeezing  of  the 
upper  arm,  as  when  an  elastic  tourniquet  is  applied  too  tightly. 
The  most  serious  and  permanent  injuries  of  this  nerve  are 
associated  with  fractures  of  the  humerus,  especially  those  from 
direct  violence  attended  with  comminution.  The  nerve  may 
be  crushed  or  torn  by  one  of  the  fragments  at  the  time  of  the 
injury,  or  at  a  later  period  may  be  compressed  by  callus. 

Clinical  #eaM?'es.— Immediately  after  the  injury  it  is  im- 
possible to  tell  clinically  whether  the  nerve  is  torn  across  or 
merely  compressed.  The  patient  may  complam  of  numbness 
and  tingling  in  the  distribution  of  the  radial  nerve,  but  it  is 
a  striking  fact,  that  so  long  as  the  nerve  is  divided  below  the 
level  at  which  it  gives  ofif  its  external  cutaneous  branches, 
there  is  no  loss  of  sensation.  When  it  is  divided  above  the 
orio-in  of  the  external  cutaneous  branches,  or  when  the 
posterior  division  of  the  musculo-cutaneous  nerve  is  also  divided, 
there  is  a  loss  of  sensibility  on  the  dorsum  of  the  hand. 

The  motor  symptoms  predominate,  the  muscles  aflected  being 
the  extensors  of  the  wrist  and  fingers,  and  the  supinators 
There  is  a  characteristic  "  drop-wrist"  ;  the  wrist  is  flexed  and 
pronated,  and  the  patient  is  unable  to  dorsiflex  the  wrist  or 
finders  (Fi"  86).  If  the  hand  and  proximal  phalanges  are 
supported,  °the  second  and  third  phalanges  may  be  partly 
extended  by  the  interossei  and  lumbncals.  There  is  al.o 
considerable  impairment  of  power  in  the  muscles  which 
anta-onise  those  that  are  paralysed,  so  that  the  grasp  of  the 
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hand  is  feeble,  and  the  patient  almost  loses  the  use  of  it ;  in 
some  cases  this  woiild  appear  to  be  due  to  the  median  nerve 
having  been  injured  at  the  same  time. 


If  the  lesion 


IS  high 


up,  as  it  is,  for  example,  in  crutch 
paralysis,  the  triceps  and  anconeus  may  also  suffer. 

Treatment. — The  slighter  forms  of  injury  by  compression 
recover  under  massage,  douching,  and  electricity.  If  there  is 
drop-wrist,  the  hand  and  forearm  are  placed  on  a  palmar  splint, 
with_  the  hand  dorsiflexed  to  nearly  a  right  angle,  and  this 
position  is  maintained  until  the  voluntary  dorsiflexion  at  the 
wrist  returns  to  .  the  nor- 
mal. Recovery  is  some- 
times delayed  for  several 
months. 

In  the  more  severe 
injuries  of  the  nerve  asso- 
ciated with  fracture  of  the 
humerus  and  attended  with 
the  reaction  of  degenera- 
tion, it  is  necessary  to  cut 
down  upon  the  nerve  and 
free  it  from  the  pressure 
of  a  fragment  of  bone  or 
from  callus  or  adhesions. 
If  the  nerve  is  torn  across, 
the  ends  must  be  sutured, 
and  if  this  is  impossible 
owing  to  loss  of  tissue,  the 
gap  may  be  bridged  by 
a  graft  taken  from  the 
radial  nerve,  or  the  ends 
may  be  implanted  into  the  median,  an  incision  being  made 
through  the  sheath  of  this  nerve  at  each  point  of  implantation. 
•      ''17'.!''  ^^^^^  paralysis  is  permanent  and 

mcurable,  the  disability  may  be  relieved  by  grafting  the  flexor 
carpi  ulnaris  into  the  common  extensor  of  the  fingers.  Similarly 
the  flexor  carpi  radialis  may  be  grafted  into  the  tendon  of  the 
extensor  longus  pollicis.  The  extensors  of  the  wrist  may  be 
shortened,  so  as  to  place  the  hand  in  the  position  of  dorsal 
flexion,  and  thus  improve  the  attitude  and  grasp  of  the  hand. 
h.t^?f  ,  ^  posterior  interosseous  nerves,  apart  from 
being  involved  m  lesions  of  the  musculo-spiral,  !ire  liable 
to  be  contused  or  torn  in  dislocations  of  the  head  of  the 
ladius,  and   in  fracture  of   the  neck   of   the   bone  The 


Pig.  86.— Drop-Wrist  from  Musoulo-Spiral 
Paralysis,  the  result  of  wound  of  upper 
arm.  f 
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posterior  interosseous  may  be  divided  as  it  passes  through 
the  supinator  brevis  in  operations  on  old  fractures  and 
dislocations  in  the  region  of  the  elbow.  Division  of  the 
radial  nerve  in  the  upper  two-thii-ds  of  the  forearm  produces 
no  loss  of  sensibility;  division  in  the  lower  third  after  the 
nerve  has  become  associated  with  branches  from  the  musculo- 
cutaneous is  followed  by  a  loss  of  sensibility  on  the  radial 
side  of  the  hand  and  thumb.  Wounds  of  the  dorsal  surface 
of  the  wrist  and  forearm  are  often  followed  by  loss  of  sensi- 


FiG.  87  —To  illustrate  the  Loss  of  Sensation  produced  by  Diwsion  of  the 
Median  Nerve  The  area  of  complete  cutaneous  insensibility  is  shaded 
black  The  parts  insensitive  to  light  touch  and  to  intermediate  degrees 
of  itemperature  are  enclosed  within  the  dotted  line.  (After  Head  and 
Sherren.) 

bility  over  a  larger  area,  because  the  rausculo-cutaneous  nerve 
is  divided  as  well,  and  some  of  the  fibres  of  the  lower  external 
cutaneous  branch  of  the  musculo-spiral. 

The  median  nerve  is  most  frequently  injured  in  wounds  ni 
the  region  of  the  wrist  made  by  broken  glass.  It  may  also 
be  injured  in  fractures  of  the  lower  end  of  the  humerus,  ni 
fractures  of  both  bones  of  the  forearm,  and  as  a  result  of 
pressure  by  splints.  After  division  at  the  elhoir,  there  is 
impairment  of  mobility  which  affects  chiefly  the  thumb,  and 
to  a  less  extent  the  index  finger:  the  terminal  phalanx  of 
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the  tliumb  cannot  be  flexed  owing  to  the  paralysis  of  the 
flexor  longus  pollicis,  and  the  index  can  only  be  flexed  at  its 
_metacarpo- phalangeal  joint  by  the  interosseous  muscles 
attached  to  it.  Pronation  of  the  forearm  is  feeble,  and  is 
completed  by  the  weight  of  the  hand.  After  division  at  the 
mist,  the  abductor-opponens  group  of  muscles  and  the  outer 
two  lumbricals  only  are  affected ;  the  abduction  of  the  thumb 
can  be  feebly  imitated  by  the  extensor  brevis  and  the  extensor 
ossis  metacarpi  pollicis,  while  opposition  may  be  simulated 
by  contraction  of  the  long  flexor  and  the  abductor  of  the 
thumb;  the  paralysis  of  the  outer  two  lumbricals  produces 
no  symptoms  that  can  be  recognised.  It  is  important  to 
remember  that  when  the  median  nerve  is  divided  at  the  wrist, 
deep  touch  can  be  appreciated  over  the  whole  of  the  area 
supplied  by  the  nerve;  the  injury,  therefore,  is  very  liable  to 
be  overlooked.    If,  however,  the  tendons  are  divided  as  well 


Fig.  88.— Claw-hand  following  Division  of  Ulnar  iVerve  above  Wrist.  • 

as  the  nerve,  there  is  insensibility  to  deep  touch.  The  areas 
t'^^lT  ir  ,^^.  Protopathic  insensibility  are  illustrated  in 
fhf     n  ^^^^^      the  elbow,  or  even  at 

the  axilla  does  not  increase  the  extent  of  the  loss  of  epicritic 
or  protopathic  sensibility,  but  usually  affects  deep  sensibi]!^ 

THe  Ulnar  Nerve.-The  most  common  injury  of  this  nerve 
wrist  rr  ^-^^^^^^^-^^  accidental  wounds 'just  above  the 
musculo  111'  "PP^^/™  !^^y  be  contused,  along  with  the 
rmav  bp  •'  -"^t  paralysis;  in  the  region  of  the  elbow 
accSt^llv  If i' •  ^'fu""'''  dislocations,  or  it  may  be 
accidentally  divided  in  the  operation  for  excising  the  elbow- 

of  Tht'lv      '"■^'^'"'J  "'^^"^  there  is  paralysis 

0    he  flexor  carpi  ulnaris,  the  ulnar  half  of  the  flexor  pro 

Ind  Th   ^^Trf'  t^-o  inner  lumb  -i]  Is" 

and  the  adductors  of  the  thumb.     The  hand  assumes 
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cliaracteristic  attitude :  the  index  and  middle  fingers  are  ex- 
tended at  the  metacarpo-phalangeal  joints  owing  to  paralysis 
of  the  interosseous  muscles  attached  to  them  ;  the  little  and 
ring  fingers  are  hyper-extended  at  these  joints  in  consequence 
of  the  paralysis  of  the  lumbricals;  all  the  fingers  are  flexed 
at  the  inter-phalangeal  joints,  the  flexion  being  most  marked 
in  the  little  and  ring  fingers— claw-hand  or  main  en  griffe 
(Fig.  88).     On  flexing  the  wrist,  the  hand  is  slightly  tilted 
to  the  radial  side,  but  the  paralysis  of  the  flexor  carpi  ulnaris 
is  often  compensated  for  by  the  action  of  the  palmaris  longus. 
The  little  and  ring  fingers  can  be  flexed  to  a  slight  degree  by 
the  slips  of  the  flexor  sublimis  attached  to  them  and  supplied 
by  the  median  nerve ;  flexion  of  the  terminal  phalanx  of  the 
little  finger  is  almost  impossible.     Abduction  and  adduction 
movements  of  the  fingers  are  lost.    Adduction  of  the  thumb 
is  carried  out,  not  by  the  paralysed  adductor  pollicis,  but  the 
movement  may  be  simulated  by  the  long  flexor  and  extensor 
muscles  of  the  thumb.    Epicritic  sensibility  is  lost  over  the 
little  finger,  the  ulnar  half  of  the  ring  finger,  and  that  part 
of  the  palm  and  dorsum  of  the  hand  to  the  uhiar  side  of  a 
line  di-awn  longitudinally  through  the  ring  finger  and  con- 
tinued upwards.    Protopathic  seusibdity  is  lost  over  an  area 
which  varies  in  difi"erent  cases.    Deep  sensibdity  is  usually 
lost  over  an  area  almost  as  extensive  as  that  of  protopathic 

insensibility.  .  . 

When  the  nerve  is  divided  at  the  wrist,  there  is  otten 
division  of  adjacent  tendons  also.  If  divided  below  the  point 
at  which  its  dorsal  branch  is  given  off,  the  sensory  paralysis 
is  much  less  marked,  and  the  injury  is  therefore  liable  to  be 
overlooked  until  the  wasting  of  muscles  and  typical  main  en 
qriffe  ensue.  The  loss  of  sensibility  after  division  of  he 
nerve  before  the  dorsal  branch  is  given  off,  resembles  that 
after  division  at  the  elbow,  except  that 
cases  deep  sensibility  is  usually  retained.  If  the  tendons 
are   divided   as   well,  however,  deep  touch   may   also  be 

Special  care  must  be  taken  in  all  these  injuries  to  prevent 
deformity ;  a  splint  must  be  worn,  at  least  during  the  night, 
until  the  muscles  regain  their  power  of  voluntary  movement, 
and  then  exercises  should  be  instituted. 

Dislocation  of  the  ulnar  nerve  at  the  elbow  may  result 
from  sudden  and  violent  flexion  of  the  joint,  tbe  nuis  ula 
eflbrt.  causing  stretching  or  laceration  of  f  ^  ff/^;^/^.*^^t'T, 
the  nerve  in  its  groove;  it  is  predisposed  to  if  the  gloo^e 
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shallow  as  a  result  of  imperfect  development  of  the  internal 
condyle  of  the  humerus,  and  by  cubitus  valgus. 

The  nerve  slips  forward,  and  may  be  felt  lying  on  the  inner 
aspect  of  the  condyle.  It  may  retain  this  position,  or  it  may 
slip  backwards  and  forwards  with  the  movements  of  the  arm. 
The  symptoms  at  the  time  of  the  displacement  are  a  certain 
amount  of  disability  at  the  elbow,  and  pain  and  tingling  along 
the  nerve,  which  are  exaggerated  by  movement  and  by  pressure. 


s.  89.— To  illustrate  Loss  of  Seusation  produced  by  complete  Division  of 
Ulnar  Nerve.  Loss  of  all  forms  of  cutaneous  sensibility  is  represented  by 
the  shaded  area.  The  parts  insensitive  to  light  touch  and  to  intermediate 
degrees  of  heat  and  cold  are  enclosed  within  the  dotted  line.  (Head  and 
Sherren.) 


The  symptoms  may  subside  altogether,  or  a  neuritis  may  develop, 
with  severe  pain  shooting  up  the  nerve. 

feiThe  dislocated  nerve  is  easily  replaced,  but  is  difficult  to 
retam  in  position.  In  recent  cases  the  arm  may  be  placed  in 
the  extended  position  with  a  pad  over  the  condyle,  care  being 
taken  to  avoid  pressure  on  the  nerve.  Failing  relief,  it  is  better 
to  make  a  bed  for  the  nerve  by  dividing  the  deep  fascia  behind 
the  mternal  condyle  and  to  stitch  the  edges  of  the  fascia  over 
the  nerve.  This  operation  has  been  successful  in  all  there- 
corded  cases. 

The  external  popliteal  nerve  is  most  exposed  to  injury  where 
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it  winds  round  the  neck  of  the  fibula.  It  may  be  compressed  by 
a  tight  bandage  or  tourniquet,  or  it  may  be  bruised  or  torn  in 
fractures  of  the  upper  end  of  the  bone.  It  has  been  divided  in 
accidental  wounds — by  a  scythe,  for  example — and  in  performing 
subcutaneous  tenotomy  of  the  biceps  tendon.  Cases  have  been 
observed  of  paralysis  of  the  nerve  as  a  result  of  prolonged  acute 
flexion  of  the  knee  in  certain  occupations. 

When  the  nerve  is  paralysed,  the  most  obvious  result  is 
"drop-foot";  the  patient  is  unable  to  dorsifiex  the  foot  and 
cannot  lift  his  toes  off  the  ground,  so  that  in  walking  he  is 
obliged  to  throw  or  jerk  the  foot  forwards  and  outwards.  There 
is  loss  of  protopathic  and  epicritic  sensibility  over  the  dorsum 
of  the  foot,  but  deep  sensibility  is  not  affected.  In  course  of 
time  the  foot  becomes  markedly  inverted  and  the  toes  are 
pointed — pes  equino-varus — and  trophic  sores  are  liable  to 
form. 

The  internal  popliteal  nerve  is  rarely  injured. 

The  sciatic  nerve  also  is  little  exposed  to  injury.  When  it 
is  compressed,  as  by  sitting  on  a  fence,  there  is  tingling  ^and 
powerlessness  in  the  limb  as  a  whole,  known  as  "sleeping"  of 
the  limb,  but  these  phenomena  are  usually  evanescent.^  The 
nerve  is  frequently  injured  in  gun-shot  wounds.  The  limb  is 
at  first  quite  powerless,  but  the  patient  usually  recovers 
sufficiently  to  be  able  to  walk  without  a  support.  Although 
the  hamstrings  are  paralysed,  the  knee  can  be  flexed  hj 
the  sartorius  and  gracilis.  The  external  popliteal  portion 
suffers  most,  and  the  chief  clinical  feature  is  drop-foot. 
The  foot  is  usually  cold  and  bluish,  and  may  present  trophic 
sores.  There  is  loss  of  sensibility  below  the  knee  except  in 
the  distribution  of  the  long  saphenous  nerve,  on  the  inner 
aspect  of  the  lower  half  of  the  leg  and  inner  side  of  the  foot : 
deep  touch  is  affected  only  over  a  comparatively  small  area 
of  the  foot. 

The  cranial  nerves  are  considered  with  affections  of  the 
head  and  neck  (vol.  ii.  chap.  iv.). 


NEURALGIA 

The  term  neuralgia  is  applied  clinically  to  any  pain  which 
follows  the  course  of  a  particular  nerve  and  its  branches, 
and  is  not  referable  to  any  discoverable  cause.  This  term 
should  not  be  applied  to  pain  which  results  from  pressure 
on  a  nerve  by  a  tumour,  a  mass  of  callus,  an  aneurysm,  or 
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by  any  similar  gross  lesion.  We  shall  only  consider  here 
those  forms  of  neuralgia  which  are  amenable  to  surgical 
treatment. 

Brachial  Neuralgia. — One  or  more  of  the  roots  or  branches 
of  the  brachial  plexus  may  be  the  seat  of  pain.  The  pain  is 
definitely  located  in  the  distribution  of  one  of  the  branches  or 
nerve  roots,  is  often  intermittent,  and  is  usually  associated  with 
tingling  and  disturbance  of  tactile  sensation.  It  may  be  due  to 
a  localised  neuritis,  or  no  cause  may  be  discoverable.  The 
region  of  the  root  of  the  neck  should  be  carefully  examined  to 
exclude  pressure  by  a  cervical  rib,  a  tumour,  or  an  aneurysm  as 
the  cause  of  the  pain.  When  medical  treatment  fails,  recourse 
may  be  had  to  operative  measures,  the  affected  cords  being  ex- 
posed and  stretched  through  an  incision  in  the  posterior  triangle 
of  the  neck.  If  this  fails  to  give  relief,  the  more  serious  opera- 
tion of  resecting  the  posterior  roots  of  the  affected  nerves  within 
the  spinal  canal  may  be  considered. 

Neuralgia  of  the  great  sciatic  nerve — sciatica — is  the  most 
common  form  of  neuralgia  met  with  in  surgical  practice. 

A  definite  cause  of  the  pain  is  rarely  ascertainable.  The 
condition  is  chiefly  met  with  in  adults  of  gouty  or  rheumatic 
tendencies  who  suffer  from  indigestion,  constipation,  and  oxaluria 
— in  fact,  the  same  type  of  patients  who  are  hable  to  lumbago, 
and  the  two  affections  are  frequently  associated  in  the  same 
person.  In  hospital  practice  it  is  commonly  met  with  in 
coal-miners  and  others  who  assume  a  squatting  position  at  work. 
The  actual  onset  of  the  pain  may  follow  over-exertion  and  ex- 
posure to  cold  and  wet,  especially  in  those  who  do  not  take 
regular  exercise.  Any  error  of  diet  or  indulgence  in  beer  or 
wine  may  contribute  to  its  development. 

The  essential  symptom  is  paroxysmal  or  continuous  pain 
along  the  course  of  the  nerve  in  the  buttock,  thigh,  or  leg.  It 
may  be  comparatively  slight,  or  it  may  be  so  severe  as  to  prevent 
sleep.  It  is  usually  aggravated  by  movement,  so  that  the  patient 
walks  lame  or  is  obliged  to  lie  up.  It  is  aggravated  also  by 
any  movement  which  tends  to  put  the  nerve  on  the  stretch,  as  in 
bending  down  to  put  on  the  shoes,  such  movements  also  causing 
^nghng  down  the  nerve,  and  sometimes  numbness  in  the  foot 
ihis  may  be  demonstrated  by  flexing  the  thigh  on  the  abdomen, 
the  knee  being  kept  extended.  There  is  no  pain  if  the  same 
manojuvre  is  repeated  with  the  knee  flexed.  The  nerve  is  sensi- 
tive to  pressure,  the  most  tender  points  being  its  emergence  from 
the  sacro-sciatic  foramen,  the  hollow  between  the  trochanter 
and  the  ischial  tuberosity,  and  where  the  external  popliteal 
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nerve  winds  round  the  neck  of  the  fibula.    The  muscles  of  the 
thigh  are  often  wasted  and  weak. 

The  clinical  features  vary  a  good  deal  in  different  cases ;  the 
affection  is  often  obstinate,  and  may  last  for  many  weeks  or 
even  months. 

In  the  sciatica  that  results  from  neuritis,  there  may  be 
patches  of  cutaneous  anaesthesia,  loss  of  tendon  reflexes, 
localised  wasting  of  muscles,  and  vaso-motor  and  trophic 
changes.  The  presence  of  the  reaction  of  degeneration  con- 
firms the  diagnosis  of  neuritis.  A  diminution  in  the  surface 
temperature  of  the  limb  is  held  by  some  to  be  pathognomonic. 
In  long-standing  cases  the  pain  and  discomfort  may  lead  to  a 
postural  scoliosis  (iscMas-scoliotica). 

Diagnosis. — Pain  referred  along  the  course  of  the  sciatic 
nerve  is  a  common  symptom  of  tumours  of  the  uterus,  the 
rectum,  or  the  pelvic  bones.  It  may  result  also  from  the 
pressure  of  an  abscess  or  an  aneurysm  either  inside  the  pelvis  or 
in  the  buttock,  and  is  sometimes  associated  with  organic  disease 
of  the  spinal  cord,  such  as  tabes.  Sciatica  may  also  be  mis- 
taken for  disease  in  the  hip  or  sacro-iliac  joint,  especially 
tuberculous  disease  and  arthritis  deformans.  It  is  necessary, 
therefore,  to  exclude  such  conditions  before  arriving  at  a 
diagnosis  of  sciatica.  A  digital  examination  of  the  rectum  or 
vagina  is  of  great  value  in  excluding  intra-pelvic  tumours. 

Treatment  is  both  general  and  local.  Any  constitutional 
tendency,  such  as  gout  or  rheumatism,  must  be  counteracted, 
and  indigestion,  oxaluria,  and  constipation  must  receive  appro- 
priate treatment.  In  acute  cases  the  patient  is  confined  to  bed, 
the  limb  is  wrapped  up  in  wool,  and  the  knee  is  flexed  over  a 
pillow.  A  rubber  hot-bottle  may  be  applied  over  the  seat  of 
greatest  pain.  The  bowels  should  be  well  opened  by  castor  oil 
or  by  calomel  followed  by  a  saline.  Salicylate  of  soda  in  full 
doses,  or  aspirin,  usually  proves  efiectual  in  relieving  pain,  but 
when  this  is  very  intense  it  may  call  for  injections  of  heroin  or 
morphin.  Benefit  has  followed  the  injection  into  the  nerve 
itself,  or  into  the  tissues  surrounding  it,  of  normal  saline 
solution;  from  70-100  c.c.  are  injected  at  one  time.  If  the 
pain  recurs,  a  second  injection  is  usually  followed  by  its  com- 
plete disappearance. 

In  the  less  severe  cases  the  patient  should  be  encouraged  to 
move  about  and  take  regular  exercise.  Marked  relief  usually 
results  from  bathing,  douching,  and  massage,  and  from  repeated 
gentle  stretching  of  the  nerve.  This  may  be  carried  out  by 
passive  movements  of  the  limb— the  hip  being  flexed  while  tfie 
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knee  is  kept  extended ;  and  by  active  movements — the  patient 
flexing  the  limb  at  the  hip,  the  knee  being  maintained  in  the 
extended  position.  These  exercises,  which  may  be  preceded 
by  massage,  are  carried  out  night  and  morning,  and  should  be 
practised  systematically  by  those  who  are  liable  to  sciatica. 

In  obstinate  and  severe  cases  the  nerve  may  he  needled,  or  it 
may  be  forciblij  stretched.  Needling  or  acupuncture  of  the 
sciatic  consists  in  piercing  the  nerve  at  intervals  in  the  buttock 
and  thigh  with  long  steel  needles.  Six  or  eight  needles  are 
inserted  and  left  in  position  for  from  fifteen  to  thirty  minutes. 
The  nerve  may  be  stretched  under  antesthesia  by  placing  the 
patient  on  his  back  with  the  hip  flexed  to  a  right  angle,  and 
then  gradually  extending  the  knee  until  it  is  in  a  straight  line 
with  the  thigh  (Billroth).  A  more  effectual  method  is  to 
expose  the  nerve  through  an  incision  at  the  fold  of  the  buttock, 
and  forcibly  pull  upon  it.  This  operation  is  most  successful 
when  the  pain  is  due  to  the  nerve  being  involved  in  adhesions 
(Crawford  Eenton).  The  general  regimen  already  described  is 
also  carried  out  during  the  after-treatment. 

Trigeminal  Neuralgia.  —  A  severe  form  of  epileptiform 
neuralgia  occurs  in  one  or  more  branches  of  the  fifth  nerve, 
and  is  one  of  the  most  painful  affections  with  Avhich  we  have 
to  deal.  So  far  as  its  pathology  is  known,  it  is  believed  to  be 
associated  with  degenerative  changes  in  the  Gasserian  ganglion. 
It  is  met  with  in  adults,  and  develops  without  apparent  cause ; 
it  is  almost  invariably  unilateral.  The  pain,  which  occurs  in 
paroxysms,  is  at  first  of  moderate  severity,  but  gradually 
becomes  agonising.  In  the  early  stages  the  paroxysms  occur 
at  wide  intervals,  but  later  they  recur  with  such  frequency  as 
to  be  almost  continuous.  They  are  usually  excited  by  some 
trivial  cause,  such  as  opening  the  jaws  in  eating  or  speaking, 
touching  the  face  as  in  washing,  or  by  exposure  to  a  draught 
of  cold  air.  ^  Between  the  paroxysms  the  patient  is  free  from 
pain,  but  is  in  constant  terror  of  its  return,  and  the  face  wears 
an  expression  of  extreme  suffering  and  anxiety.  When  the 
paroxysm  is  accompanied  by  twitching  of  the  facial  muscles,  it 
is  called  spasmodic  tic. 

The  skin  of  the  affected  area  may  be  glazed  and  red,  or  may 
be  pale  and  moist  with  inspissated  sweat,  the  patient  not  daring 
to  touch  it. 

There  is  excessive  tenderness  at  the  points  of  emergence  of 
the  different  branches  of  the  fifth  nerve  on  the  face,  and 
pressure  over  one  or  other  of  these  points  may  excite  a  paroxysm 
of  pain.    In  typical  cases  the  patient  is  unable  to  take  any 
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active  part  in  life.  The  attempt  to  eat  is  attended  with  such 
severe  pain  that  he  avoids  taking  food.  In  some  cases  the 
suffering  is  so  great  that  the  patient  only  obtains  sleep  by  the 
use  of  hypnotics,  and  he  is  often  on  the  verge  of  committing 
suicide. 

Diagnosis. — There  is  seldom  any  difficulty  in  recognising 
the  disease.  It  is  imj)ortant,  however,  to  exclude  the  hysterical 
form  of  neuralgia,  which  is  characterised  by  its  occurrence 
earlier  in  life,  by  the  pain  varying  in  situation,  being  frequently 
bilateral,  and  being  more  often  constant  than  paroxysmal. 

Treatment. — Before  having  recourse  to  the  measures  described 
below,  it  is  advisable  to  give  a  thorough  trial  to  such  drugs  as 
arsenic,  quinine,  and  strychnin,  and  to  employ  the  other 
medical  measures  used  in  the  treatment  of  neuralgia. 

The  Injection  of  Alcohol  into  the  Nerve. — The  alcohol  acts 
by  destroying  the  nerve  fibres,  and  must  be  brought  into  dii'ect 
contact  with  them ;  if  the  nerve  has  been  properly  struck  the 
injection  is  followed  by  complete  anaesthesia  in  the  distribution 
of  the  nerve.  The  relief  may  last  for  from  six  months  to  three 
years  ;  if  the  pain  returns,  the  injection  may  be  repeated.  The 
strength  of  the  alcohol  should  be  85  per  cent.,  and  the  amount 
injected  about  2  c.c. ;  a  general,  or  preferably  a  local,  anaesthetic 
should  be  employed  (Schltisser). 

Operative  Treatment. — This  consists  in  the  removal  of  the 
affected  nerve  or  nerves  as  completely  as  possible,  either  by 
resection — neurectomy ;  or  by  a  combination  of  resection  with 
twisting  or  tearing  of  the  nerve  from  its  central  connections 
-—avulsion.  To  prevent  the  regeneration  of  the  nerve 
after  these  operations,  the  canal  of  exit  through  the  bone 
should  be  obliterated;  this  is  best  accomplished  by  a  silver 
screw-nail  driven  home  by  an  ordinary  screw-driver  (Charles. 
H.  Mayo). 

When  the  neuralgia  involves  branches  of  two  or  of  all  three 
divisions,  or  when  it  has  recurred  after  temporary  relief  follow- 
ing resection  of  individual  branches,  the  removal  of  the 
Gasserian  ganglion,  along  with  the  main  trunks  of  the  second 
and  third  divisions,  should  be  considered.  This  is  usually 
carried  out  by  what  is  known  as  the  Krause-Hartley  operation, 
which  consists  in  making  a  large  opening  into  the  skull  in  the 
temporal  region,  stripping  up  the  dura,  and  raising  the  temporo- 
sphenoidal  lobe  of  the  brain  from  the  middle  fossa  of  the  skull 
until  the  ganglion  is  exposed  lying  on  the  upper  aspect  of  the 
petrous  temporal  bone. 

The  operation  is  a  difficult  and  serious  one,  but  the  results 
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are  satisfactory  so  far  as  the  cure  of  the  neuralgia  is  concerned. 
There  is  little  or  no  disability  from  the  unilateral  paralysis  of 
the  muscles  of  mastication ;  but  on  account  of  the  insensitive- 
ness  of  the  cornea,  the  eye  must  be  protected  from  irritation, 
especially  during  the  first  month  or  two  after  the  operation ; 
this  may  be  done  by  fixing  a  large  watch-glass  around  the  edge 
of  the  orbit  with  adhesive  plaster. 

If  the  first  division  of  the  fifth  nerve  is  not  involved,  neither 
it  nor  the  ganglion  should  be  interfered  with  ;  the  second  and 
third  divisions  should  be  divided  within  the  skull,  and  the 
foramen  rotundum  and  foramen  ovale  plugged  with  rubber 
made  soft  by  heat,  or  a  thin  plate  of  lead  or  silver  is  fitted 
so  as  to  cover  both  openings. 
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THE  SKIN  AND  SUBCUTANEOUS  TISSUE 

Structure  of  skin  —  Blisters  —  Callosities  —  Corns  —  Chilblains  —  Boils  — 
Carbuncle — Abscess — FelcU  sores — Tuberculosis  of  skin  :  Inoculation 
tubercle  —  Lupus :  Varieties  —  Elephantiasis  :  Varieties  —  Sebaceous 
cysts  or  wens — Moles — Horns — New  growths  :  Fibroma  ;  Papilloma  ; 
Adenoma;  Epithelioma;  Rodent  cancer  ;  Melanotic  cancer  ;  Sarcoma 
—  Affections  of  Cicatrices— Fai-iciies  of  scars  —  Keloid  — 
Tumours — Affections  of  Nails. 

Structure  of  Skin. — The  skin  is  composed  of  a  superficial  cellular  layer 
— the  epidermis,  and  the  corium  or  tnie  skin.  The  ejjidermis  is  differ- 
entiated from  without  inwards  into  the  stratum  comeum,  the  stratum 
lucidum,  the  stratum  granulosum,  and  the  rete  Malpighii  or  germinal 
layer,  from  which  all  the  others  are  developed.  The  corium  or  true  skin 
consists  of  connective  tissue,  in  which  ramify  the  blood-vessels,  lymphatics, 
and  nerves.  That  part  of  the  corium  immediately  adjoining  the 
epidermis  is  known  as  the  papillary  portion,  and  contains  the  teiTuinal 
loops  of  the  cutaneous  blood-vessels  and  the  terminations  of  the  cutaneous 
nerves.  The  deeper  portion  of  the  true  skin  is  known  as  the  reticular 
portion,  and  is  largely  composed  of  adipose  tissue. 

Blisters  result  from  the  exudation  and  accumulation  of 
serous  fluid  beneath  the  horny  layer  of  the  epidermis.  The 
fluid  may  be  clear,  as  in  the  blisters  of  a  recent  burn,  or  blood- 
stained, as  in  the  blisters  so  commonly  seen  accompanying 
severe  fractures  of  the  leg.  It  may  become  purulent  as  a  result 
of  infection,  and  this  may  be  the  starting-point  of  lymphangitis, 
cellulitis,  or  lymphadenitis. 

The  skin  should  be  disinfected  and  the  blisters  punctured. 
When  septic,  the  separated  horny  layer  must  be  cut  away  with 
scissors  to  allow  of  the  necessary  disinfection. 

Callosities  are  prominent,  indurated  masses  of  the  overgrown 
horny  layer  of  the  epidermis,  where  it  has  been  exposed  to 
prolonged  friction  and  pressure.  They  occur  on  the  fingers  and 
hand  as  a  result  of  certain  occupations  and  sports,  but  are  most 
common  under  the  balls  of  the  toes  or  heel.  A  bursa  may 
form  beneath  a  callosity,  and  if  it  becomes  inflamed  may  cause 

3S2 


CORNS  AND  CHILBLAINS 


383 


considerable  suffering ;  if  suppuration  ensues,  a  sinus  may  form, 
resembling  a  jjerforating  ulcer  of  the  foot. 

The  treatment  of  callosities  on  the  foot  consists  in  removing 
pressure  by  wearing  properly  fitting  boots,  and  in  applying  a 
ring  pad  around  the  callosity ;  another  method  is  to  fit  a  sock 
of  spongiopilene  with  a  hole  cut  out  opposite  the  callosity. 
After  soaking  in  hot  water,  the  overgrown  horny  layer  may 
be  pared  away  with  a  knife,  and  the  part  painted  once  daily 
with  a  saturated  solution  of  salicylic  acid  in  flexile  collodion. 

Corns. — A  corn  is  a  localised  overgrowth  of  the  horny  layer 
of  the  epidermis,  which  grows  downwards,  pressing  upon  and 
displacing  the  sensitive  papillae  of  the  corium.  Corns  are  due 
to  the  friction  and  pressure  of  ill-fitting  boots,  and  are  met  with 
chiefly  on  the  toes  and  sole  of  the  foot.  A  corn  is  usually 
hard,  dry,  and  white ;  but  it  may  be  sodden  from  moisture,  as 
in  "  soft  corns  "  between  the  toes.  A  bursa  may  form  beneath 
a  corn,  and  if  inflamed  constitutes  one  form  of  bunion.  When 
suppuration  takes  place  in  relation  to  a  corn,  there  is  great 
pain  and  disability,  and  it  may  prove  the  starting-point  of 
lymphangitis. 

The  treatment  consists  in  the  wearing  of  properly  fitting 
boots  and  stockings,  and,  if  the  symptoms  persist,  the  corn 
should  be  removed.  This  is  done  after  the  manner  of  chiro- 
podists by  digging  out  the  corn  with  a  suitably  shaped  knife. 
A  more  radical  procedure  is  to  excise,  under  local  anaesthesia, 
the  portion  of  skin  containing  the  corn  and  the  underlying 
bursa  if  present.  The  majority  of  so-called  corn  solvents 
consist  of  a  solution  of  salicylic  acid  in  collodion ;  if  this  is 
painted  on  daily,  the  epidermis  dies  and  is  thus  more  easily 
pared  away.  The  unskilful  paring  of  corns  on  the  toes  may 
determine  the  occurrence  of  senile  gangrene  in  those  who  are 
predisposed  to  this  disease  by  atheromatous  arteries. 

Chilblains. — Chilblain  or  erythema  pernio  is  a  vascular  dis- 
turbance resulting  from  the  alternate  action  of  cold  and  heat 
on_  the  distal  parts  of  the  body.  Chilblains  are  met  with 
chiefly  on  the  fingers  and  toes  in  children  and  anaemic  girls. 
In  the  mild  form  there  is  a  sensation  of  burning  and  itching, 
the  part  becomes  swollen,  of  a  dusky-red  colour,  and  the  skin 
tense  and  shiny.  In  more  severe  cases  the  burning  and 
itching  are  attended  with  pain,  and  the  skin  becomes  of  a 
violet  or  wine-red  colour.  There  is  a  third  degree,  closely 
approaching  frost-bite,  in  which  the  skin  tends  to  blister  and 
give  way,  leaving  an  indolent  raw  surface  poimlarlv  known  as 
a  "  broken  chilblain." 
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Those  liable  to  chilblains  should  take  open-air  exercise, 
nourishing  food,  cod-liver  oil,  and  tonics.  Woollen  stockings 
and  gloves  should  be  worn  in  cold  weather,  and  sudden  changes 
of  temperature  avoided.  The  symptoms  may  be  relieved  by 
ichthyol  ointment,  glycerin  and  belladonna,  or  a  mixture  of 
Venice  turpentine,  castor  oil,  and  collodion  applied  on  lint 
which  is  wrapped  round  the  toe.  Balsam  of  Peru  or  resin 
ointment  spread  on  muslin  should  be  applied  to  broken 
chilblains.  The  most  effective  treatment  is  Bier's  bandage 
applied  for  about  six  hours  twice  daily ;  it  can  be  worn  while 
the  patient  is  following  his  occupation ;  in  chronic  cases  this 
may  be  supplemented  with  the  hot-air  bath. 

Boils  and  Carbuncles. — These  result  from  infection  with 
the  staphylococcus  aureus,  which  enters  the  orifices  of  the 
ducts  of  the  skin  under  the  influence  of  friction  and  pressure, 
as  was  demonstrated  by  the  well-known  experiment  of  Garre, 
who  produced  a  crop  of  pustules  and  boils  on  his  own  forearm 
by  rubbing  in  a  culture  of  the  staphylococcus  aureus. 

A  Boil  results  when  the  infection  is  located  in  a  hair  follicle 
or  sebaceous  gland.  A  hard,  painful,  conical  swelling  develops, 
to  which,  so  long  as  the  skin  retains  its  normal  appearance, 
the  term  "  blind  boil "  is  applied.  Usually,  however,  the  skin 
becomes  red,  and  after  a  time  breaks,  giving  exit  to  a  drop 
or  two  of  thick  pus.  After  an  interval  of  from  six  to  ten  days 
a  soft  white  slough  is  discharged ;  this  is  known  as  the  "  core," 
and  consists  of  the  necrosed  hair  follicle  or  sebaceous  gland. 
After  the  separation  of  the  core  the  boil  heals  rapidly,  leaving 
a  small  depressed  scar. 

Boils  are  most  frequently  met  with  on  the  back  of  the  neck 
and  the  buttocks,  and  on  other  parts  where  the  skin  is  coarse 
and  thick  and  is  exposed  to  friction  and  pressure.  The  occur- 
rence of  a  number  or  a  succession  of  boils  is  due  to  spread 
of  the  original  infection,  the  cocci  from  the  origmal  boil 
infecting  adjacent  hair  follicles.  The  spread  of  boils  may 
be  unwittingly  promoted  by,  the  use  of  a  domestic  poultice  or 
the  wearing  of  infected  underclothing. 

While  boils  are  frequently  met  with  in  debilitated  persons, 
and  particularly  in  those  suffering  from  diabetes  or  Bright's 
disease,  they  also  occur  in  those  who  enjoy  vigorous  health. 
They  seldom  prove  dangerous  to  life  except  in  diabetic  subjects, 
but  when  they  occur  on  the  face  there  is  a  risk  of  lymphatic 
and  of  general  pyogenic  infection.  Boils  may  be  differentiated 
from  syphilitic  lesions  of  the  skin  by  their  acute  onset  and 
progress,  and  by  the  absence  of  other  evidence  of  syphilis  ;  and 
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from  the  malignant  or  anthrax  pustule  by  the  absence  of  the 
central  black  slough  and  of  the  circumstances  which  usually 
favour  anthrax  infection. 

Treatment. — The  skin  of  the  affected  area  should  be  painted 
with  iodine,  and  a  Klapp's  suction  bell  applied  thrice  daily.  If 
pus  forms,  the  skin  is  frozen  with  ethyl-chloride  and  a  small 
incision  made,  after  which  the  application  of  the  suction  bell 
is  persevered  with.  The  further  treatment  consists  in  the  use 
of  diluted  boracic  or  resin  ointment.  In  multiple  boils  on  the 
trunk  and  limbs,  lysol  or  boracic  baths  are  of  great  service ; 
the  underclothing  should  be  frequently  changed,  and  that 
which  is  discarded  must  be  disinfected. 

Any  impaired  condition  of  health  should  be  corrected  ;  when 
there  is  sugar  or  albumen  in  the  urine  the  conditions  on  which 
these  depend  must  receive  appropriate  treatment.  When  there 
are  successive  crops  of  boils,  recourse  should  be  had  to  the 
vaccine  treatment ;  a  stock  vaccine  of  the  staphylococcus  aureus 
containing  600  millions  of  dead  cocci  in  each  cubic  centimetre 
is  employed,  a  half  cubic  centimetre  being  injected  at  intervals 
of  four  days. 

Carbuncle  may  be  looked  upon  as  an  aggregation  of  boils, 
and  is  characterised  by  a  densely  hard  base  and  a  brownish-red 
discoloration  of  the  skin.  A  carbuncle  is  usually  about  the 
size  of  a  crown-piece,  but  it  may  continue  to  enlarge  until  it 
attains  the  size  of  a  dinner-plate.  The  patient  is  ill  and 
feverish,  and  the  pain  may  be  so  severe  as  to  prevent  sleep. 
As  time  goes  on  several  points  of  suppuration  appear,  and  when 
these  burst  there  are  formed  a  number  of  openings  in  the  skin, 
giving  it  a  cribriform  appearance ;  these  openings  exude  pus. 
The  different  openings  ultimately  fuse  and  the  large  adherent 
greyish-white  slough  is  exposed.  The  separation  of  the  slough 
IS  a  tedious  process,  and  the  patient  may  become  exhausted  by 
pain,  discharge,  and  septic  absorption.  When  the  slough  is 
finally  thrown  off,  a  deep  gap  is  left,  which  takes  a  long  "time 
to  heal.  A  large  carbuncle  is  a  grave  disease,  especially  in  a 
weakly  person  suffering  from  diabetes  or  chronic  alcoholism. 
In  the  majority  of  cases  the  patient  is  laid  aside  for  several 
months.  It  is  most  common  in  male  adults  over  forty  years  of 
age,  and  is  usually  situated  on  the  back  between  the  shoulders 
When  it  occurs  on  the  face  or  anterior  part  of  the  neck  it 
IS  especially  dangerous,  because  of  the  greater  risk  of  o-eneral 
infection.  ° 

A  carbuncle  is  to  be  differentiated  from  an  ulcerated  syphi- 
litic gumma  and  from  anthrax  pustule. 
VOL.  I. — 25 
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Treatment. — Pain  is  to  be  relieved  by  full  doses  of  opium  or 
codein,  and  these  drugs  are  specially  indicated  when  sugar  is 
present  in  the  urine.  The  diet  should  be  liberal  and  easily 
digested,  and  alcoholic  and  other  stimulants  may  be  of  service 
in  tiding  the  patient  over  the  critical  period  of  the  disease. 
Locally  the  treatment  is  carried  out  on  the  same  lines  as  for 
boils. 

In  some  cases  it  may  be  advisable  to  excise  the  carbuncle  or 
to  make  incisions  across  it  in  different  directions,  so  that  the 
resulting  wound  presents  a  stellate  appearance. 

Acute  Abscesses  of  the  Skin  and  Subcutaneous  Tissue  in 
Young  Children. — In  young  infants,  abscesses  are  not  infre- 
quently met  with  scattered  over  the  trunk  and  limbs,  and  are 
probably  the  result  of  infection  of  the  sebaceous  glands  from 
dirty  underclothing.  The  abscesses  should  be  opened,  and  the 
further  spread  of  infection  prevented  by  thorough  cleansing  of 
the  skin  and  by  the  use  of  clean  under-linen.  Similar  abscesses 
are  met  with  on  the  scalp  in  association  with  eczema,  impetigo, 
and  pediculosis. 

Veldt  Sore. — The  sore  usually  originates  in  an  abrasion  of 
the  epidermis,  such  as  a  sun  blister,  the  bite  of  an  insect,  or 
a  small  wound  or  scratch.  A  pustule  forms  and  bursts,  and  a 
brownish-yellow  scab  forms  over  it.  When  this  is  removed,  a 
raw  surface  or  ulcer  is  left  which  has  little  tendency  to  heal. 
These  sores  are  most  common  about  the  hands,  arms,  neck,  and 
feet,  and  are  most  apt  to  occur  in  those  who  have  had  no 
opportunities  of  washing,  and  who  have  lived  for  a  long  time 
on  tinned  foods.  The  appearance  of  a  number  of  white  scars, 
each  surrounded  by  a  zone  of  pigmentation,  similar  to  but 
smaller  than  those  resulting  from  syphilis,  is  commonly  ob- 
served in  those  who  have  suffered  from  veldt  sores. 

Tuberculosis  of  the  Skin. — Interest  attaches  chiefly  to  the 
primary  forms  of  tuberculosis  of  the  skin  in  which  the  bacilli 
usually  penetrate  from  without — inoculation  tubercle  and 
lupus. 

Inoculation  Tubercle. — The  appearances  vary  with  the  con- 
ditions under  which  the  inoculation  takes  place.  As  observed 
on  the  fingers  of  adults,  the  affection  takes  the  form  of  an 
indolent,  painless  swelling,  the  epidermis  being  red  and  glazed, 
or  warty  and  irregularly  fissured.  Sometimes  the_  epidermis 
gives  way,  forming  an  ulcer  with  flabby  granulations.  The 
infection  rarely  spreads  to  the  lymphatics. 

In  children  who  run  about  barefooted  in  towns,  tubercle 
may  be  inoculated  into  accidental  wounds  in  the  sole  or  about 
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the  toes,  and  although  the  local  appearances  may  not  be  char- 
acteristic, the  nature  of  the  infection  is  revealed  by  its  tendency 
to  spread  up  the  limb  along  the  lymphatic  vessels,  giving  rise 
to  enlargement,  abscesses,  and  fungating  ulcers  in  relation  to 
the  femoral  glands. 

Tuberculous  Lupus. — This  is  an  extremely  chronic  affection 
of  the  skin.  It  rarely  extends  to  the  lymphatic  glands,  and 
of  all  tuberculous  lesions  is  the  least  dangerous  to  life.  The 
commonest  form  of  lupus —  lupus  vulgaris — usually  commences 
in  childhood  or  youth,  and  is  most  often  met  vi'ith.  on  the  nose  or 
cheek.  The  early  and  typical  appearance  is  that  of  brownish- 
yellow  or  pink  nodules  in  the  skin,  about  the  size  of  hemp 
seed.  Their  characters  are  best  studied  by  examining  them 
through  a  lens  pressed  firmly  against  the  skin.  The  appear- 
ance of  the  contents  of  these  nodules  has  been  likened  to 
apple  jelly.  Microscopical  examination  shows  the  apple-jelly 
material  to  consist  of  aggregations  of  epithelioid  and  giant 
cells  over  which  the  epidermis  is  stretched  and  thinned. 
Tubercle  bacilli  are  scanty  and  difficult  to  stain.  The  original 
nodules  tend  to  fuse  together,  while  fresh  ones  are  formed  at 
the  margins.  "  The  epidermis,  as  a  result  of  surface  irritation  in 
which  13US  organisms  play  a  prominent  part,  becomes  the  seat  of 
a  catarrhal  process  attended  with  a  discharge  of  pus  which  dries 
U13,  forming  yellowish-brown  crusts  or  scabs,  and  the  apple-jelly 
nodules  are  thereby  concealed;  when  the  scabs  are  removed, 
what  looks  like  a  raw  surface  covered  with  pale  granulation 
tissue  is  exposed"  (Norman  Walker).  Healing  frequently 
occurs  m  the  centre  of  the  aflfected  area  while  the  disease  con- 
tinues to  extend  at  the  margins. 

When  there  is  actual  destruction  of  tissue  and  ulceration  

the  so-called  ''lupus  excedens"  or  "  ulcer  ans"  —  healmcr  is 
attended  with  cicatricial  contraction,  which  may  cause  unsicrhtlv 
deformity.  When  the  cheek  is  affected,  the  lower  eyelid°may 
be  drawn  down  and  everted ;  when  the  lips  are  afi-ected,  the 
mouth  may  be  distorted  or  seriously  diminished  in  size  When 
the  nose  is  affected,  both  the  skin  and  mucous  surfaces  are 
usually  involved,  and  the  nasal  orifices  may  be  narrowed  or 
even  obliterated;  sometimes  the  soft  parts,  including  the  carti-  . 
lages,  are  destroyed,  leaving  only  the  bones  covered  by  ti^htlv 
stretched  scar  tissue.  °  •'^ 

nmT«n  "^'r'"'"  Progresses  A^ry  slowly,  healing  in  some  places 
and  spreading  at  others.    The  patient  complains  of  a  burnincr 
ensation,  but  very  little  of  pain,  and  is  chiefly  concerned 
about  the  disfigurement.     Nothing  is  more  chamcteristic  of 
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lupus  than  the  appearance  of  fresh  nodules  in  parts  which  have 
already  healed.  In  the  course  of  years  large  tracts  of  the  face 
and  neck  may  become  affected.  From  the  lips  it  may  spread 
to  the  gum  and  palate,  giving  to  the  mucous  membrane  the 
appearance  of  a  raised,  bright-red,  papillary  or  villous  surface. 
When  the  disease  affects  the  gums,  the  teeth  may  become  loose 
and  fall  out. 

On  parts  of  the  body  other  than  the  face,  the  disease  is 
even  more  chronic,  and  is  often  attended  with  a  considerable 
production  of  dense  fibrous  tissue — the  so-called  fibroid  lupus ; 
there  are  very  few  tubercle  nodules,  and  the  disease  has 
little  tendency  to  destroy  parts.  Sometimes  there  is  a  warty 
thickening  of  the  epidermis— Z^p^fs  verrucosus.  In  the  fingers 
and  toes  it  may  lead  to  a  progressive  destruction  of  tissue 
like  that  observed  in  certain  forms  of  leprosy,  and  from 
the  resulting  loss  of  portions  of  the  digits  it  has  been  called 
lupus  mutilans.  In  the  lower  extremity  a  remarkable  form  of 
the  disease  is  sometimes  met  with,  to  which  the  term  lupus 
elephantiasis  has  been  applied.  It  usually  commences  as  an 
ordinary  lupus  of  the  toes  or  dorsum  of  the  foot,  from  which 
the  tuberculous  infection  spreads  to  the  lymphatic  vessels,  and 
the  limb  as  a  whole  becomes  enormously  swollen  and  unshapely 
(Fig.  91). 

Finally,  a  long-standing  lupus,  especially  on  the  cheek,  may 
become  the  seat  of  epithelioma — lupus  epithelioma — usually  of 
the  exuberant  or  cauliflower  type,  which  presents  little  tendency 
to  infect  the  lymphatics. 

The  diagnosis  of  lupus  is  founded  on  the  chronic  progress 
and  long  duration,  on  the  recognition  of  the  apple-jelly  nodules, 
and  the  central  scarring  with  peripheral  extension  of  the  disease. 
On  the  face  it  is  most  liable  to  be  confused  with  syphilis  and 
with  rodent  cancer.  The  syphilitic  lesion  belongs  to  the  tertiary 
period,  and  although  presenting  a  superficial  resemblance  to 
tuberculosis,  its  progress  is  much  more  rapid,  so  that  within 
a  few  months  it  may  involve  an  area  of  skin  as  wide  as 
would  be  affected  by  lupus  in  as  many  years.  Further,  it 
readily  yields  to  anti-syphilitic  treatment.  In  cases  of  tertiary 
syphilis  in  which  the  nose  is  destroyed,  it  will  be  noticed 
that  the  bones  have  suffered  most,  Avhile  in  lupus  the  destruc- 
tion of  tissue  involves  chiefly  the  soft  parts  of  the  tip  of  the 
nose. 

Rodent  cancer  is  liable  to  be  mistaken  for  lupus,  because 
it  may  affect  the  same  parts  of  the  face ;  it  is  equally  chronic, 
and  may  partially  heal.    It  begins  later  in  life,  however,  the 
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margin  of  the  nicer  is  more  sharply  defined,  and  often  presents 
a  "  rolled  "  aj^pearance. 

Numerous  methods  are  employed  for  the  treatment  of  lupus. 
When  the  disease  is  confined  to  a  very  limited  area,  the 
most  rapid  and  certain  cure  is  obtained  by  excision.  The  whole 
thickness  of  skin  is  removed  throughout  and  beyond  the  area 
affected ;  the  edges  of  the  gap  are  brought  together  by  sutures, 
or  the  raw  surface  is  covered  with  a  Thiersch  graft.  On  the 
covered  parts  of  the  body  excision  may  be  employed,  even 
when  the  disease  involves  an  extensive  area. 

When  lupus  covers  a  wide  area  of  the  face,  as  is  more  often 
the  case  in  hospital  practice,  there  is  great  difficulty  in  bringing 
about  a  cure.  In  recent  years  the  therapeutic  effects  obtained 
by  exposure  to  different  forms  of  rays  have  been  so  satisfactory 
that  they  have  superseded  the  older  methods.  The  ray  treat- 
ment includes  the  use  of  luminous,  Etintgen,  or  other  rays,  and 
possesses  the  advantage  of  being  comparatively  painless 
and  of  being  followed  by  the  least  amount  of  scarring  and 
deformity. 

The  Eontgen-ray  treatment  consists  in  exposing  the  diseased 
area  to  the  rays  from  a  Crookes'  tube  of  about  sis-inches  spark, 
for  ten  or  fifteen  minutes  daily,  at  a  distance  of  from  four  to  five 
inches  from  the  tube.  The  healthy  skin  is  protected  by  a  sheet 
of  lead  foil,  from  which  a  piece  is  cut  out  corresponding  to  the 
diseased  area.  After  a  variable  number  of  exposures,  inflamma- 
tory reaction  takes  place,  and  experience  is  required  to  control 
the  effects  within  the  desired  limits. 

The  rays  given  off  from  radium  have  been  found  to  have 
a  similar  curative  influence  on  tuberculous  lesions  of  the 
skin. 

Encouraging  results  have  also  been  obtained  by  the  applica- 
tion of  carbon  dioxide  snow. 

Multiple  subcutaneous  tuberculous  nodules  are  met  with 
chiefly  on  the  extremities  of  children.  They  are  indolent  and 
painless,  and  rarely  attract  attention  until  they  break  down 
and  form  abscesses,  Avhich  are  usually  about  the  size  of  a  cherry, 
and  when  these  burst  sinuses  or  ulcers  result.  If  the  overlying 
skm  is  still  intact,  the  best  treatment  is  to  excise  the  abscess" 
If  the  abscess  has  already  infected  the  skin,  each  focus  should 
be  scraped  and  packed  with  gauze. 

Elephantiasis.— This  term  is  applied  to  an  excessive  enlarge- 
ment of  a  part  depending  upon  an  overgrowth  of  the  skin  and 
subcutaneous  cellular  tissue,  and  it  may  result  from  a  number  of 
causes,  acting  independently  or  in  combination.    The  condition 
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is  observed  chiefly  in  the  extremities  and  in  the  external  organs 
of  generation. 

Elephantiasis  from  Lymphatic  or  Venous  Obstruction. — Of 
this  the  best-known  example  is  tropical  elephantiasis  (E.  arabum), 
which  is  endemic  in  Samoa,  Earbadoes,  and  certain  other 
places.  It  attacks  the  lower  extremity  or  the  genitals  in  either 
sex  (Fig.  90).  The  disease  is  usually  ushered  in  with  fever, 
and  signs  of  lymphangitis  in  the  part  affected.    After  a  num- 


FiG.  90— Elephantiasis  of  Penis  and  Scrotum  in  native  of  Demerara. 
(Mr.  Annandale's  case.) 


ber  of  such  attacks,  the  lymphatic  vessels  appear  to  become 
obliterated,  and  the  skin  and  subcutaneous  cellular  tissue, 
being  bathed  in  stagnant  lymph — which  possibly  contains  the 
products  of  streptococci — take  on  an  overgrowth,  which  con- 
tinues until  the  part  assumes  gigantic  proportions.  In  a  certain 
number  of  cases  the  lymphatic  trunks  have  been  found  to  be 
blocked  with  the  ova  or  with  the  parent  worms  of  the  filaria 
sanguinis  hominis.  It  must  be  clearly  understood,  however, 
that  cases  of  elephantiasis  of  the  lower  extremity  are  met  with 
in  this  country  in  Avhich  there  are  no  filarial  parasites  in  the 
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lymphatics,  and  these  present  features  indistinguishable  from 
the  tropical  variety,  and  usually  follow  upon  repeated  attacks 
of  lymphangitis  or  erysipelas. 

The  part  affected  is  enormously  increased  in  size,  and  causes 
inconvenience  from  its  bulk  and  weight.  In  contrast  to 
ordinary  dropsy,  there  is  no  pitting  on  pressure,  and  the 
swelling  does  not  disappear  on  elevation  of  the  limb.  The 
skin  becomes  rough  and  warty,  and  may  hang  down  in  pendu- 


FiG.  91.— Lupus  Elephantiasis. 
(Sir  P.  H.  Watson's  case.) 


lous  folds.  Blisters  may  form  on  the  surface  and  yield  an 
abundant  exudate  of  clear  lymph.  From  neglect  of  clean- 
liness, the  skin  may  become  the  seat  of  eczema  or  even  of 
ulceration  attended  with  foul  discharge. 

Sampson  Handley  has  sought  to  replace  the  blocked 
lymphatic  vessels  by  burying  in  the  subcutaneous  tissue  of 
the  swollen  part  a  number  of  stout  silk  threads — lympjiangio- 
2^lasti/.  By  their  capillary  action  they  drain  the  lymph'  to 
a  healthy  region  above,  and  thus  enable  it  to  enter  the 
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circulation.  It  has  been  more  successful  in  the  face  and 
upper  limb  than  in  the  lower  extremity.  If  the  tissues  are 
infected  with  staphylococci,  a  course  of  vaccines  should  pre- 
cede the  operation. 

A  similar  type  of  elephantiasis  may  occur  after  extirpation  of 
the  lymphatic  glands  in  the  axilla  or  groin ;  in  the  leg  in  long- 
standing varix  and  phlebitis  with  chronic  ulcer ;  in  the  arm  as 
a  result  of  extensive  cancerous  disease  of  the  lymphatics  in 
the  axilla  secondarily  to  cancer  of  the  breast ;  and  in  exten- 
sive tuberculous  disease  of  the  lymphatics.  The  last-named 
is  chiefly  observed  in  the  lower  limb  in  young  adult  women, 
and  from  its  following  upon  lupus  of  the  toes  or  foot  it  has 
been  called  lupus  elephantiasis  (Fig.  91).  The  tuberculous 
infection  spreads  very  slowly  up  the  limb  by  way  of  the 
lymphatics,  and  as  these  are  obliterated  the  skin  and  cellular 
tissue  become  hypertrophied,  and  the  surface  studded  over 
with  fungating  tuberculous  masses  of  a  livid  blue  colour.  As 
the  more  severe  forms  of  the  disease  may  prove  dangerous  to 
life  by  septic  complications  inducmg  gangrene  of  the  limb,  the 
question  of  amputation  may  have  to  be  considered. 

Belonging  to  this  group  also  is  a  form  of  congenital  elephan- 
tiasis resulting  from  the  circular  constriction  of  a  limb  in  utero 
by  amuiotic  bands. 

Elephantiasis  occurring  apart  from  lymphatic  or  venous 
obstruction  is  illustrated  by  elephantiasis  nervorum,  in  which 
there  is  an  overgrowth  of  the  skin  and  cellular  tissue  of  an  ex- 
tremity in  association  with  neuro-fibromatosis  of  the  cutaneous 
nerves  (Fig.  85) ;  and  by  elephantiasis  Gnecorum — a  form  of 
leprosy  in  which  the  skin  of  the  face  becomes  the  seat  of 
tumoiTr-like  masses  consisting  of  leprous  nodules.  It  is  also 
illustrated  by  elephantiasis  involving  the  scrotum  as  a  result  of 
prolonged  irritation  by  the  urine  in  cases  in  which  the  penis 
has  been  amputated  and  the  urine  has  infiltrated  the  scrotal 
tissues. 

Sebaceous  Cysts. — Atheromatous  cysts  or  wens  are  retention 
cysts  formed  in  relation  to  the  sebaceous  glands  and  hair 
follicles.  They  are  commonly  met  with  in  adults,  on  the  scalp 
(Fig.  92),  face,  neck,  back,  and  external  genitals.  Sometimes 
they  are  multiple,  and  they  may  be  met  with  in  several 
members  of  the  same  family.  They  are  smooth,  rounded  or 
discoid  cysts,  varying  in  size  from  a  split-pea  to  a  Tangerine 
orange.  In  consistence  they  are  firm  and  elastic,  or  fluctuating, 
and  are  incorporated  M'itli  the  overlying  skin,  but  movable 
on  the  deeper  structures.    The  orifice  of  the  partly  blocked 
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sebaceous  follicle  may  be  visible,  and  some  of  the  contents  of 
the  cyst  can  be  squeezed  through  the  opening.  The  wall  of 
the  cyst  is  composed  of  a  connective-tissue  capsule  lined  by 
stratified  squamous  epithelium.  The  contents  consist  of  accumu- 
lated epithelial  cells,  and  are  at  first  dry,  and  pearly  white  in 
appearance,  but  as  a  result  of  fatty  degeneration  they  break 
down  into  a  greyish-yellow  pultaceous  and  semi-fluid  material 
having  a  peculiar  stale  odour.  It  is  probable  that  the  decom- 
position of  the  cyst  contents  is  the  result  of  the  isresence  of 
bacteria,  and  that  from  the  surgical  point  of  view  they  should 
be  regarded  as  infective.  A  sebaceous  cyst  may  remain  in- 
definitely without  change,  or  may  slowly  increase  in  size,  the 


Fig.  92. — Multiple  Sebaceous  Cysts  or  Wens  ;  the  larger  ones  are  of 
many  years'  duration. 


skin  over  it  becoming  stretched  and  closely  adherent  to  the  cyst 
wall  as  a  result  of  friction  and  pressure.  The  contents  may 
become  calcareous  or  may  ooze  from  the  orifice  of  the  duct  and 
dry  on  the  skin  surface,  leading  to  the  formation  of  a  sebaceous 
horn.  As  a  result  of  injury  the  cyst  may  undergo  sudden 
enlargement  from  haemorrhage  into  its  interior. 

Recurrent  attacks  of  inflammation  frequently  occur,  especially 
in  wens  of  the  face  and  scalp.  Suppuration  may  ensue  and  be 
followed  by  cure  of  the  cyst,  or  an  off'ensive  fungating  ulcer 
forms  which  may  be  mistaken  for  epithelioma.  True  cancerous 
transformation  is  rare. 

Wens  are  to  be  diagnosed  from  dermoids,  from  fatty  tumours, 
and  from  cold  absces.ses.  Dermoids  usually  appear  before  adult 
lite,  and  as  they  nearly  always  lie  beneath  the  fascia,  the  skin 
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is  movable  over  them.    A  fatty  tumour  is  more  movable,  and 
is  often  lobulated.    The  confusion  with  a  cold  abscess  is  most 
likely  to  occur  in  wens  of  the  neck  or  back,  and  it  may  be  im- 
possible without  the  use  of  an  exploring  needle  to  differentiate  . 
between  them. 

Treatment. — The  removal  of  wens  is  to  be  recommended 
while  they  are  still  small  and  freely  movable,  as  they  are  then 
easily  shelled  out  after  incising  the  overlying  skin.  Local 
anaesthesia  is  to  be  preferred.  It  is  important  that  none  of 
the  cyst  wall  be  left  behind.  In  large  and  adherent  wens  an 
ellipse  of  skin  should  be  removed  along  with  the  cyst.  When 
inflamed,  it  may  be  impossible  to  dissect  out  the  cyst  wall, 
and  it  should  be  destroyed  with  pure  carbolic  acid,  the  resulting 
wound  being  treated  by  the  open  method. 

Moles. — The  term  mole  is  applied  to  a  pigmented,  and 
usually  hairy,  patch  of  skin,  present  at  or  appearing  shortly 
after  birth.  The  colour  varies  from  brown  to  black,  according 
to  the  amount  of  melanin  pigment  present.  The  lesion  consists 
in  an  overgrowth  of  epidermis  which  often  presents  au-flveolar 
arrangement.  Moles  vary  greatly  in  size  :  some  are  mere  dots, 
others  are  as  large  as  the  palm  of  the  hand,  and  occasionally 
a  mole  covers  half  the  face.  In  addition  to  being  unsightly, 
they  bleed  freely  when  abraded,  are  liable  to  ulcerate  from 
friction  and  pressure,  and  occasionally  become  the  starting- 
point  of  melanotic  cancer.  Rodent  cancer  sometimes  originates 
in  the  slightly  pigmented  moles  met  with  on  the  face.  Over- 
growths in  relation  to  the  cutaneous  nerves,  especially  the 
plexiform  neuroma,  occasionally  origmate  in  pigmented  moles. 
Soldau  believes  that  the  pigmentation  and  overgrowth  of  the 
epidermis  in  moles  are  associated  with,  and  probably  result 
from,  a  fibromatosis  of  the  cutaneous  nerves. 

Treatment.— Ti\&  best  way  to  get  rid  of  a  mole  is  to  excise 
it.  If  the  edges  of  the  gap  cannot  be  brought  together  with 
sutures,  recourse  should  be  had  to  Thiersch  grafting.  In  large 
hairy  moles  of  the  face  whose  size  forbids  excision,  the  hairs 
may  be  got  rid  of  by  the  Eontgen  rays. 

Horns. — The  sebaceous  horn  results  from  the  accumulation 
of  the  dried  contents  of  a  Aven  on  the  surface  of  the  skin  ;  the 
sebaceous  material  after  drying  up  becomes  cornified,  and  as 
fresh  material  is  added  to  the  base  the  horn  increases  in  length. 
The  ivart  horn  grows  from  a  warty  papilloma  of  the  skin. 
Cicatrix  horns  are  formed  by  the  heaping  up  of  epidermis  in 
the  scars  that  result  from  burns.  Nail  horns  are  overgrown 
nails  (keratoniata  of  the  nail-bed),  and  are  met  with  chiefly  in  the 
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great  toe  of  elderly  bedridden  patients.  If  an  ulcer  forms 
at  the  base  of  a  horn,  it  may  prove  the  starting-point  of  epi- 
thelioma, and  for  this  reason,  as  well  as  for  others,  horns  should 
be  removed. 

New  Growths  in  the  Skin  and  Subcutaneous  Tissue.— The 

Angioma  has  been  described  with  diseases  of  blood-vessels. 
Fibroma. — Various  types  of  fibroma  occur  in  the  skin.  Soft 
pedunculated  fibromata,  about  the  size  of  a  pea,  are  com- 
monly met  with,  especially  on  the  neck  and  trunk ;  they  are 
usually  solitary,  and  easily  removed  with  the  scissors.  The 
multiple  soft  fibromata,  known  as  molluscum  fihrosmn,  which 
depend  upon  a  neuro-fibromatosis  of  the  cutaneous  nerves, 
are  described  with  the  tumours  of  nerves.  Hard  fibromata 
occurring  singly  or  in  groups  may  be  met  with,  especially  in 
the  skin  of  the  buttock,  and  may  present  a  local  malignancy, 
recurring  after  removal  like  the  "  recurrent  fibroid  "  of  Paget. 
The  "painful  subcutaneous  nodule"  is  a  solitary  fibroma  re- 
lated to  one  of  the  cutaneous  nerves.  The  hard  fibroma  known 
as  keloid  is  described  with  the  affections  of  scars. 

Papilloma. — The  common  wart  or  verruca  is  an  outgrowth 
of  the  surface  epidermis.  It  may  be  sessile  or  pedunculated, 
hard  or  soft.  The  surface  may  be  smooth,  or  fissured  and 
foliated  like  a  cauliflower,  or  it  may  be  divided  up  into  a 
number  of  spines.  Warts  are  met  with  chiefly  on  the  hands, 
and  are  often  multiple,  occurring  in  clusters  or  in  successive 
crops.  Multiple  warts  appear  to  result  from  some  contagion, 
the  nature  of  which  is  unknown ;  they  sometimes  occur  in  an 
epidemic  form  among  school-children,  and  show  a  remarkable 
tendency  to  disappear  spontaneously.  The  solitary  flat-topped 
wart  which  occurs  on  the  face  of  old  people  may,  if  irritated, 
become  the  seat  of  epithelioma. 

Treatment. — In  the  multiple  Avarts  of  children  the  health 
should  be  braced  up  by  a  change  to  the  seaside.  A  dusting- 
powder,  consisting  of  boracic  acid  with  5  per  cent,  salicylic 
acid,  may  be  rubbed  into  the  hands  after  washing  and  drying. 
The  persistent  warts  of  young  adults  are  best  removed  after 
freezing  with  chloride  of  ethyl.  When  cutting  is  objected 
to,  they  may  be  painted  night  and  morning  with  salicylic 
collodion,  the  epidermis  being  dehydrated  with  alcohol  before 
each  application. 

Venereal  ivarfs  occur  on  the  genitals  of  either  sex,  and  may 
form  large  cauliflower-like  masses  on  the  inner  surface  of  the 
prepuce  or  of  the  labia  majora.  Although  frequently  co-existing 
with  gonorrhoea  or  syphilis,  they  may  occur  independently  of 
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these  diseases,  being  probably  acquired  by  contact  with  another 
individual  suffering  from  warts  (C.  W.  Catbcart).  They  give 
rise  to  considerable  irritation  and  suffering,  and  when  cleanliness 
is  neglected  there  may  be  an  offensive  discharge. 

In  advanced  cases  with  large  caulifloM^er-like  masses,  it  is  best 
to  remove  them  by  operation.  In  the  female,  they  are  dissected 
off  from  the  labia ;  in  the  male,  the  prepuce  is  removed  and 
the  warts  on  the  glans  are  snipped  off.Avith  scissors.  In  milder 
cases,  the  warts  usually  disappear  if  the  parts  are  kept  absolutely 
dry  and  clean.  A  useful  dusting-powder  is  one  consisting  of 
calamme  and  5  per  cent,  salicylic  acid.  The  exsiccated  sulphate 
of  iron,  in  the  form  of  a  powder,  may  be  employed  in  cases 
which  resist  this  treatment. 

Lastly,  a  warty  growth  of  the  epidermis  may  be  an  accom- 
paniment of  lupus — -lupus  verrucosus — and  of  moles. 

Adenoma. — This  is  a  comparatively  rare  tumour  growing 
from  the  glands  of  the  skin.  One  variety,  known  as  the 
"  tomato  tumoiir,"  which  apparently  originates  from  the  sweat 
glands,  is  met  with  chiefly  on  the  scalp  and  face  in  women 
past  middle  life.  These  growths  are  often  multiple ;  the 
individual  tumours  vary  ill  size,  and  the  skin,  which  is  almost 
devoid  of  hairs,  is  glistening  and  tightly  stretched  over  them. 
A  similar  tumour  may  occur  on  the  nose.  The  sebaceous 
adenoma,  which  originates  from  the  sebaceous  glands,  forms 
a  jDrojecting  tumour  on  the  face  or  scalp,  and  when  the  skin 
is  irritated  it  may  ulcerate  and  fungate.  The  treatment  con- 
sists in  the  removal  of  the  tumoiir  along  with  the  overlying 
skin. 

The  exuberant  masses  on  the  nose  known  as  "lipoma  nasi" 
or  "  potato  nose "  are  of  the  nature  of  sebaceous  adenomata, 
and  are  removed  by  shaving  them  off  with  a  knife  until  the 
normal  shape  of  the  nose  is  restored.  Healing  takes  place  with 
remarkable  rapidity. 

Cancer. — There  are  several  types  of  primary  cancer  of  the 
skin,  the  most  important  being  squamous  epithelioma,  rodent 
cancer,  and  melanotic  cancer. 

Epithelioma  occurs  in  a  variety  of  forms.  When  originating 
in  a  small  ulcer  or  wart — for  example,  on  the  face  in  old 
people — it  presents  the  features  of  a  chronic  indurated  ulcer. 
A  more  exuberant  and  rapidly  growing  form  of  epithelial 
cancer,  described  by  Hutchinson  as  the  crateriform  ulcer, 
commences  on  the  face  as  a  small  red  pimple  which  rapidly 
develops  into  an  elevated  mass  shaped  like  a  bee-hive,  and 
breaks  down  in  the  centre.    Epithelioma  may  develop  any- 
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where  on  the  body  iii  relation  to  scar  tissue,  especially  that 
resulting  from  a  burn  or  from  lupus  ;  this  form  usually  presents 
an  exuberant  outgrowth  of  epidermis  not  unlike  a  cauliflower 
wart. 

The  term  trade  epithelioma  has  been  applied  to  that  form 
met  with  in  certain  occupations,  such  as  paraffin  workers  and 
chimney-sweeps.  The  most  recent  member  of  this  group  is 
the  X-ray  carcinoma,  which  is  met  with  in  those  who  are 
constantly  exposed  to  the  irritation  of  the  X-rays ;  there  is 
first  a  chronic  dermatitis  with  warty  overgrowth  of  the  surface 
epithelium,  pigmentation,  and  the  formation  of  fissures  and 


Fig.  93. — Advanced.  Rodent  Cancer. 
(Mr.  Annandale's  case.) 


warts.  It  varies  a  good  deal  in  malignancy,  but  it  has  been 
known  to  cause  death  in  the  same  manner  as  other  epitheli- 
omata. 

Epithelial  cancer  has  also  been  observed  in  those  who  have 
taken  large  doses  of  arsenic  over  long  periods  for  medicinal 
purposes. 

Rodent  Cancer  (Rodent  Ulcer).  —  This  is  a  true  cancer 
originating  in  the  sweat  glands  or  sebaceous  follicles,  or  in  the 
foetal  residues  of  cutaneous  glands.  The  cells  are  small  and 
closely  packed  together  in  alveoli  or  in  reticulated  columns; 
cell  nests  are  very  rare.  It  is  remarkably  constant  in  its  seat 
of  origin,  being  nearly  always  located  on  the  lateral  aspect  of 
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the  nose  or  in  the  vicinity  of  the  lower  eyelid  (Figs.  94,  95). 
It  is  extremely  rare  on  the  trunk  -or  limbs.  It  commences  as  a 
small  flattened,  nodule  in  the  skin,  the  epidermis  over  it  being 
stretched  and  shining.  The  centre  becomes  depressed,  while 
the  margins  extend  in  the  form  of  an  elevated  ridge.  Sooner  or 
later  the  epidermis  gives  way  in  the  centre,  exposing  a  smooth 
raw  surface  devoid  of  granulations.  The  margin,  while  in  parts 
irregular,  is  typically  represented  by  a  well-defined  "rolled" 
border  which  consists  of  the  peripheral  portion  of  the  cancer 
that  has  not  yet  broken  down.  The  central  ulcer  may  tem- 
porarily heal.  There  is  itching  but  very  little  pain,  and  the 
condition  progresses  extremely  slowly ;  rodent  cancers  which 


I 


Fig.  94. — Kodent  Cancer  of  Inner  Cantlius. 

have  existed  for  many  years  are  frequently  met  with.  The 
disease  attacks  and  destroys  every  structure  with  which  it 
comes  in  contact,  such  as  the  eyelids,  the  walls  of  the-  nasal 
'cavities,  and  the  bones  of  the  face  ;  hence  it  may  produce 
the  most  hideous  deformities  (Fig.  95).  The  patient  may 
succumb  to  hsemorrhage  or  to  septic  complications  such  as 
erysipelas  or  meningitis. 

Secondary  growths  in  the  lymphatic  glands,  while  not 
unknown,  are  extremely  rare.  We  have  only  seen  them  once 
— in  a  case  of  rodent  cancer  in  the  groin. 

Diagnosis. — Lupus  is  the  disease  most  often  mistaken  for 
rodent  cancer.  Lupus  usually  begins  earlier  in  life,  it  presents 
the  apple-jelly  nodules,  and  lacks  the  rounded,  elevated  border. 
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Syphilitic  lesions  progress  more  rapidly,  and  also  lack  the 
characteristic  margin.  The  -differentiation  from  squamous 
epithelioma  is  of  considerable  importance,  as  the  latter  affection 
spreads  more  rapidly,  involves  the  glands  early,  and  is  much 
more  dangerous  to  life. 

Treatment. — In  rodent  cancers  of  limited  size — say  less  than 
one  inch  in  diameter — free  excision  is  the  most  rapid  and 
certain  method  of  treatment.  The  alternative  is  the  applica- 
tion of  the  Rbntgen  rays  or  of  radium,  which,  although 
requiring  many  exposures,  results  in  cure  with  the  minimum 


Fig.  95. — Rodent  Cancer  of  fifteen  years' 
duration,  which  has  destroyed  contents 
of  Orbit. 


(Mr.  J.  M.  Cotterill's  case.) 

of  disfigurement.  If  the  cancer  already  covers  an  extensive 
area,  or  has  invaded  the  cavity  of  the  orbit  or  nose,  rays  ' 
yield  the  best  results.  The  effect  is  soon  shown  by  the 
ingrowth  of  healthy  epithelium  from  the  surrounding  skin, 
and  at  the  same  time  the  discharge  is  lessened.  Good  results 
are  also  reported  from  the  application  of  carbon  dioxide 
snow. 

Melanotic  Cancer. — Under  this  head  are  included  all  new 
growths  which  contain  an  excess  of  melanin  pigment.  Many 
of  these  Avere  formerly  described  as  melanotic  sarcoma.  They 
nearly  always  originate  in  a  pigmented  mole  which  has  been 


400     THE  SKIN  AND  SUBCUTANEOUS  TISSUE 


subjected  to  irritation.  The  primary  growth  may  remain  so 
small  that  its  presence  is  not  even  suspected,  or  it  may  in- 
crease in  size,  ulcerate,  and  fungate  through  the  skin.  The 
amount  of  pigment  varies :  when  small  in  amount  the  growth 
is  brown,  when  abundant  it  is  a  deep  black.  The  most  remark- 
able feature  is  the  rapidity  with  which  the  disease  becomes 
disseminated  along  the  lymphatics,  the  first  evidence  of  which 
is  an  enlargement  of  the  lymphatic  glands.  As  the  primary 
growth  is  often  situated  on  the  sole  of  the  foot  (Fig.  96) 
or  in  the  matrix  of  the  nail  of  the  great 
toe,  the  femoral  and  inguinal  glands  become 
enlarged  in  succession,  forming  tumours 
much  larger  than  the  primary  growth. 
Sometimes  the  dissemination  involves  the 
lymphatic  vessels  of  the  limb,  forming  a 
series  of  indurated  pigmented  cords  and 
nodules  (Fig.  97).  Lastly,  the  dissemina- 
tion may  be  universal  throughout  the  body, 
and  this  usually  occurs  at  a  comparatively 
early  stage,  although  it  has  been  delayed 
in  some  cases  for  several  years.  The 
secondary  growths  are  deeply  pigmented, 
being  usually  of  a  coal-black  colour,  and 
melanin  pigment  may  be  present  in  the 
urine. 

To  extirpate  the  disease  it  is  necessary 
to  excise  the  tumour,  with  a  zone  of  healthy 
skin  around  it  and  a  somewhat  large  zone 
of  the  underlying  subcutaneous  tissue  and 
deep  fascia.  Hogarth  Pringle  recommends 
^Cancer  7f^sSe°  of  ^^^^  ^  ^road  strip  of  subcutaneous  fascia 
Foot.  up  to  and  including  the  nearest  anatomical 

group  of  glands  should  be  removed  with 
the  tumour  in  one  continuous  piece. 

Secondary  Cancer  of  the  Skin. — Cancer  may  spread  to  the 
skin  from  a  subjacent  growth  hj  direct  continuity  or  by  way 
of  the  lymphatics.  Both  of  these  processes  are  so  well  illus- 
trated in  cases  of  mammary  cancer  that  they  will  be  described 
in  relation  to  that  disea,se. 

Sarcomata  of  various  types  are  met  with  in  the  skin.  The 
fibroma,  after  excision,  may  recur  as  a  fibro-sarcoma.  The 
alveolar  sarcoma  commences  as  a  hard  lump  and  increases  in 
size  until  the  epidermis  gives  way  and  an  ulcer  is  formed.  A 
number  of  fresh  tumours  may  spring  up  around  the  original 
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growth.  Sometimes  the  primary  growth  appears  in  the  form 
of  multiple  nodules  which  tend  to  become  confluent.  Excision, 
unless  performed  early,  is  of  little  avail. 


Fig.  97. — Diffuse  Melanotic  Cancer  of  Lymphatics  of  Skin 
secondary  to  a  Growtli  in  the  Sole  of  the  Foot. 


Affections  of  Cicatbices 

A  cicatrix  or  scar  consists  of  closely  packed  bundles  of  white 
fibres  covered  by  epidermis ;  the  skin  glands  and  hair  follicles 
are  usually  absent.  The  size,  shape,  and  level  of  the  cicatrix 
depend  upon  the  conditions  which  preceded  healing. 

A  healthy  scar,  when  recently  formed,  has  a  smooth,  glossy 
surface  of  a  pinkish  colour,  which  tends  to  become  whiter  as 
a  result  of  obliteration  of  the  blood-vessels  concerned  in  its 
formation. 

Weak  Scars. — A  scar  is  said  to  be  weak  when  it  readily 
breaks  down  as  a  result  of  irritation  or  .pressure.  The  scars 
resulting  from  severe  burns  and  those  over  amputation  stumps 
are  especially  liable  to  break  down  from  trivial  causes.  The 
treatment  is  to  excise  the  weak  portion  of  the  scar  and  cover 
the  raw  surface  with  skin  grafts. 
VOL.  I. — 26 
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Contracted  scars  frequently  cause  deformity  either  by 
displacing  parts,  such  as  the  eyelid  or  lip,  or  by  fixing  parts 
and  preventing  the  normal  movements — for  example,  a  scar  on 
the  flexor  aspect  of  a  joint  (Fig.  61).  These  are  treated  by 
dividing  the  scar,  correcting  the  deformity,  and  filling  up  the 
gap  with  Thiersch  grafts,  or  v?ith  a  flap  of  the  whole  thickness 
of  the  akin.  When  deformity  results  from  depression  of  a  scar, 
as  is  not  uncommon  after  the  healing  of  a  sinus,  the  treatment 
is  to  excise  the  scar.  Depressed  scars  may  be  raised  by  the 
injection  of  paraffin  into  the  subcutaneous  tissue. 

The  absorption  of  scar  tissue  may  in  some  cases  be  promoted 
by  subcutaneous  injections  of  thiosinamine,  in  the  form  of 
fibrolysin,  which  appears  to  act  by  causing  leucocytosis.  Two 
to  three  cubic  centimetres  are  injected  at  intervals  of  two  or 
three  days  under  the  skin  of  the  forearm,  or  into  the  muscles 
of  the  back.  A  slight  odour  of  garlic  may  be  noticeable  in 
the  breath  after  the  injections.  After  from  five  to  ten  injec- 
tions the  bands  of  scar  tissue  become  softer,  and  if  the 
treatment  is  successful  it  disappears  after  from  fifteen  to 
thirty.  The  treatment  should  be  combined  with  movements, 
massage,  hot-air   baths,  and,  in  some   cases,  with  passive 

hyper  aemia.  .         ,i    j  + 

Painful  Sears.—V&m  in  relation  to  a  scar  is  usuaUy  due  to 
nerve  fibres  being  compressed  or  stretched  in  the  cicatricial 
tissue ;  and  in  some  cases  to  ascending  neuritis.  The  treat- 
ment consists  in  excising  the  scar  or  in  stretching  or  excising 
a  portion  of  the  nerve  affected. 

Pigmented  or  Discoloured  Scars.— Tha  best-known  examples 
are  the  blue  coloration  which  results  from  coal-dust  or  gun- 
powder, the  brown  scars  resulting  from  chronic  ulcer  with 
venous  congestion  of  the  leg,  and  the  variously  coloured  scars 
caused  by  tattooing.  The  only  satisfactory  method  of  gettmg 
rid  of  the  coloration  is  to  excise  the  scar;  the  edges  are 
brought  together  by  sutures,  or  the  raw  surface  covered  with 
Thiersch  grafts  according  to  the  size  of  the  gap. 

Hypertrophied  Sca?-s.— Scars  occasionally  broaden  out  ana 
become  promment,  and  on  exposed  parts  this  may  prove  a 
source  of  disappointment  after  operations  such  as  those  tor 
goitre  or  tuberculous  glands  in  the  neck. 

Keloid.— Thi^  term  is  applied  to  an  overgrowth  oi  scar 
tissue  which  extends  beyond  the  area  of  JJ^^ 
and  the  name  is  derived  from  the  fact  that  this  e^tens  on 
occurs  in  the  form  of  radiating  processes,  suggesting  the 
claws  of  a  crab.    It  is  essentially  a  fibroma  or  new  growth 


AFFECTIONS  OF  THE  NAILS 


403 


of  fibrous  tissue,  which  commences  in  relation  to  the  walls  of 
the  smaller  blood-vessels ;  the  bundles  of  fibrous  tissue  are  for 
the  most  part  parallel  with  the  surface,  and  the  epidermis 
is  tightly  stretched  over  them.  It  is  more  frequent  in  the 
negro  and  in  those  who  are,  or  have  been,  the  subjects  of 
tuberculous  disease. 

Keloid  may  attack  scars  of  any  kind,  such  as  those 
resulting  from  leech-bites,  acne  pustules,  boils  or  blisters; 
those  resulting  from  operation  or  accidental  wounds ;  and  the 
scars  resulting  from  burns,  especially  when  situated  over  the 
sternum,  iire  said  to  be  specially  liable.  The  scar  becomes 
more  and  more  conspicuous,  is  elevated  above  the  surface,  of 
a  pinkish  or  brownish-pink  colour,  and  sends  out  irregular 
prolongations  around  its  margins.  The  patient  may  complain 
of  itching  and  burning,  and  of  great  sensitiveness  of  the  scar, 
even  to  contact  with  the  clothing. 

There  is  a  natural  hesitation  to  excise  keloid  because  of 
the  fear  of  its  returning  in  the  new  scar.  Such  return, 
however,  is  very  unlikely  if  it  is  excised  widely  and  the 
raw  surface  covered  with  Thiersch  grafts.  The  irritation 
associated  with  keloid  may  be  relieved  by  the  application  of 
salicylic  collodion  or  of  salicylic  and  creosote  plaster.  Im- 
provement has  resulted  from  injections  of  fibrolysin  and  from 
exposure  to  X-rays. 

Epithelioma  is  liable  to  attack  scars  in  old  people,  especially 
those  resulting  from  burns  sustained  early  in  childhood  and 
which  have  never  properly  healed.  From  the  absence  of 
lymphatics  in  scar  tissue,  the  disease  does  not  spread  to  the 
glands  untU  it  has  invaded  the  tissues  outside  the  scar  area. 
It  should  be  excised  widely ;  in  the  extremities  it  may  be  best 
to  amputate  the  limb. 


Affections  op  the  Nails 

/ry'Mnes.— When  a  nail  is  contused  or  crushed,  blood  is 
extravasated  beneath  it,  and  the  nail  is  usually  shed,  a  new 
one  growing  in  its  place.  A  splinter  driven  underneath 
t  ie  nail  causes  great  pain,  and  if  organisms  are  carried  in 
along  with  It,  may  give  rise  to  septic  complications.  The 
tree  edge   of   the  nail   should   be   clipped   away  to  allow 

disinfectioJT"''''^       ^^'"^  ^"'^^  """"^  necessary 

Tto]Mc  Chanries.~T\i&  growth  of  the  nails  maybe  interfered 
^vith  in  any  disturbance  of  the  general  health.    In  nerve 


404    THE  SKIN  AND  SUBCUTANEOUS  TISSUE 


lesions,  such  as  division  of  the  nerve-trunks  of  a  limb,  the 
hails  are  apt  to  suffer,  becoming  curved,  brittle,  or  furrowed, 
or  they  may  be  shed. 

Onychia  is  the  term  applied  to  inflammation  of  the  soft 
parts "  around  the  nail  or  of  the  matrix  beneath  it.  The 
commonest  form  of  onychia  is  that  resulting  from  septic  in- 
fection, which  has  already  been  referred  to  with  Whitlow. 
There  is  a  superficial  variety  resulting  from  the  extension  of 
a  purulent  blister  beneath  the  nail  lifting  it  up  from  its  bed, 
the  pus  being  visible  through  the  nail.  The  nail  as  well  as  the 
raised  horny  layer  of  the  epidermis  should  be  removed.  A 
deeper  and  more  troublesome  onychia  results  from  infection  at 
the  nail  fold;  the  infection  spreads  slowly  beneath  the  fold 


Fig  98  -Subimgual  Exostosis  growing  from  Distal  Phalanx  of  Great  Toe, 
showing  U  Iceration  of  Skin  and  Displacement  of  Nail. 

a.  Surface  view.  0>^  ^^-^tioi^- 

until  it  reaches  the  matrix,  and  a  drop  or  two  of  pus  forms 
beneath  the  nail,  usually  in  the  region  of  the  lunule  This 
affection  entails  a  disability  of  the  finger  which  may  last  for 
weeks  unless  it  is  properly  treated.  Treatment  by  hypera^mia, 
usmg  a  suction  bell,  should  first  be  tried,  and  failing  improve- 
ment the  nail  fold  and  lunule  should  be  frozen,  and  a  consider- 
able portion  removed  with  the  knife;  if  only  a  small  portion 
of  the  nail  is  removed,  the  opening  is  blocked  by  granulations 
springing  from  the  matrix.  A  new  nail  is  formed,  but  it  is 
liable  to  be  mis-shapen.  .  , 

Tuberculous  onychia  is  met  with  chiefly  m  chi  dren  and 
adolescents.    It  appears  as  a  livid  or  red  swelling  at  the  root 
of  the  nail  and  spreading  around  its  margins.    The  epuierni  s 
which  is  thin  and  shiny,  gives  way,  and  the  nail  is  usually 
shed. 
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Syphilitic  affections  of  the  nails  assume  various  aspects.  A 
primary  chancre  at  the  edge  of  the  nail  may  be  mistaken  for  a 
■whitlow,  especially  if  it  is  attended  with  much  pain.  Other 
forms  of  onychia  occur  during  secondary  syphilis  simul- 
taneously with  the  skin  eruptions,  and  may  prove  very 
obstinate  and  lead  to  shedding  of  the  nails.  They  also  occur 
in  inherited  syphilis.  In  addition  to  general  treatment,  an 
ointment  containing  five  per  cent,  of  oleate  of  mercury  should 
be  applied  locally. 

Ingroidng  Toe-nail  (lateral  onychia).  —  This  is  more  ac- 
curately described  as  an  overgrowth  of  the  soft  tissues  along 
the  edge  of  the  nail.  It  is  most  frequently  met  with  in  the 
great  toe  in  young  adults  whose  feet  perspire  freely,  who  wear 
ill-fitting  shoes,  and  who  cut  their  toe-nails  carelessly  or  tear 
them  with  their  fingers.  Where  the  soft  tissues  are  pressed 
against  the  edge  of  the  nail,  the  skin  gives  way  and  there  is 
the  formation  of  exuberant  granulations  and  of  discharge  which 
is  sometimes  foetid.  The  affection  is  a  painful  one  and  may 
unfit  the  patient  for  work.  In  mild  cases  the  condition  may 
be  remedied  by  getting  rid  of  contributing  causes  and  by 
disinfecting  the  skin  and  nail ;  the  nail  is  cut  evenly,  and  the 
groove  between  it  and  the  skin  packed  with  an  antiseptic 
dusting-powder,  such  as  boracic  acid.  In  more  severe  cases  it 
may  be  necessary  to  remove  an  ellipse  of  tissue  consisting  of 
the  edge  of  the  nail,  together  with  the  subjacent  matrix  and 
the  redundant  nail-fold. 

Subungual  exostosis  is  an  osteoma  growing  from  the  terminal 
phalanx  of  the  great  toe  (Fig.  98).  It  raises  the  nail  and  may 
be  accompanied  by  ulceration  of  the  skin  over  the  most  pro- 
minent part  of  the  growth.  The  soft  parts,  including  the  nail, 
should  be  reflected  towards  the  dorsum  in  the  form  of  a  flap 
and  the  exostosis  removed  with  the  chisel. 

Malignant  disease  in  relation  to  the  nails  is  rare.  Squamous 
epithelioma  and  melanotic  cancer  are  the  forms  met  with. 
Treatment  consists  in  amputating  the  digit  concerned,  and  in 
removmg  the  associated  lymphatic  glands. 
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THE  MUSCLES,  TENDONS,  AND  TENDON  SHEATHS 

Injuries  :  Contusion ;  Sprain ;  iJwiJterc— Hernia  of  muscle— Dislocation 
of  tendons— Wounds— Avulsion  of  teudon.  Diseases  of  Muscle 
AND  OF  Tendons  :  Atrophy ;  ''Muscular  rhcumatisin"—Fibrosiiis; 
Contracture;  Myositis;  Calcification  and  Ossification;  Tumours. 
Diseases  of  Tendon  Sheaths  :  Tenosynovitis. 


Injuries 

Contusion  of  Muscle. — Contusion  of  muscle,  which  consists 
in  Tupture  of  its  fibres  and  blood-vessels,  may  be  due  to 
violence  acting  from  without,  as  in  blows,  kicks,  or  falls;  or 
from  within,  as  by  the  displacement  of  a  bone  in  fractures  and 

dislocations.  -ax. 

The  symptoms  are  those  common  to  all  contusions,  and  cue 
patient  complains  of  severe  pain  on  attempting  to  use  the 
injured  muscle,  and  maintains  an  attitude  which  relaxes  it. 
If  the  sheath  of  the  muscle  also  is  torn,  there  is  subcutaneous 
ecchymosis,  and  the  accumulation  of  blood  may  result  in  the 
formation  of  a  hsematoma.  •■        v  4.1 

Eestoration  of  function  is  usually  complete ;  but  when  tlie 
nerve  supplying  the  muscle  is  bruised  at  the  same  time,  as 
may  occur  in  the  deltoid,  wasting  and  loss  of  function  may  be 
persistent.  In  exceptional  cases  the  process  of  repair  maj^ 
be  attended  with  the  formation  of  bone  in  the  substance  ot 

the  muscle.  ^  ,  ^ 

A  contused  muscle  should  be  placed  at  rest  and  supported 
bv  cotton  wool  and  a  bandage— followed,  after  an  interval,  by 
massage,  the  use  of  the  continuous  current,  and  appropriate 

^""sprain  and  Partial  Rupture  of  Muscle.-This  lesion  consists 
in  overstretching  and  partial  rupture  of  the  fibres  of  a  ni"jcle 
or  its  aponeurosis.  It  is  of  common  occurrence  in  f  1^  ^tes  and 
in  those  who  follow  laborious  occupations.  It  may  follow  upon 
a  single  or  repeated  effort-especially  in  those  who  are  out 
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of  training.  Familiar  examples  of  muscular  sprain  are  the 
"labourer's"  or  "golfer's  back,"  affecting  the  latissimus  dorsi 
or  erector  spinse  ;  the  "  tennis-player's  elbow,"  and  the  "  sculler's 
sprain,"  affecting  the  muscles  and  ligaments  about  the  elbow- 
joints;  the  "angler's  elbow,"  affecting  the  common  origin 
of  the  extensors  and  supinators;  the  "sprinter's  sprain," 
affecting  the  flexors  of  the  hip ;  and  the  "jumper's  sprain," 
aifecting  the  muscles  of  the  calf.  The  patient  complains  of. 
pain,  often  sudden  in  onset,  of  tenderness  on  pressure,  and  of 
inability  to  carry  out  the  particular  movement  by  which  the 
sprain  was  produced.  The  disability  varies  in  different  cases, 
and  it  may  incapacitate  the  patient  from  following  his  occupa- 
tion or  sport  for  weeks  or  even  months. 

The  treatment  consists  in  resting  the  muscle  from  the  par- 
ticular effort  concerned  in  the  production  of  the  sprain,  in 
gently  exercising  it  in  other  directions,  in  the  use  of  massage 
and  the  induction  of  hyjDersemia  by  means  of  heat. 

Rupture  of  Muscle  or  Tendon. — A  muscle  or  a  tendon  may 
be  ruptured  in  its  continuity  or  torn  from  its  attachment  to 
bone.  The  site  of  rupture  in  individual  muscles  is  remarkably 
constant,  and  is  usually  at  the  junction  of  the  muscular  and 
tendinous  portions.  When  rupture  takes  place  through  the 
belly  of  a  muscle,  the  ends  retract,  the  amount  of  retraction 
depending  on  the  length  of  the  muscle,  and  the  extent  of  its 
attachment  to  adjacent  aponeurosis  or  bone.  The  biceps  in 
the  arm,  and  the  sartorius  in  the  thigh,  furnish  examples  of 
muscles  in  which  the  separation  between  the  ends  may  be 
considerable. 

The  gap  in  the  muscle  becomes  filled  with  blood,  and  this 
in  time  is  replaced  by  connective  tissue,  which  forms  a  bond 
of  union  between  the  ends.  When  the  space  is  considerable 
the  connecting  medium  consists  of  fibrous  tissue,  but  when 
the  ends  are  approximated  it  contains  a  number  of  newly 
formed  muscle  fibres.  In  the  process  of  repair,  one  or  both 
ends  of  the  muscle  or  tendon  may  become  fixed  by  adhesions 
to  adjacent  structures,  and  if  the  distal  portion  of  a  muscle  is 
deprived  of  its  nerve  supply  it  may  undergo  degeneration  and 
so  have  its  function  impaired. 

Rupture  of  a  muscle  or  tendon  is  usually  the  result  of  a 
sudden,  and  often  involuntary,  movement.  As  examples  may 
be  cited  the  rupture  of  the  quadriceps  extensor  in  attempting 
to  regain  the  balance  when  falling  backwards;  of  the  gas- 
trocnemius, plantaris,  or  tendo  Achillis  in  jumping  or  dancing ; 
of  the  adductors  of  the  thigh  in  gripping  a  horse  when  it 
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swerves — "rider's  sprain  "  ;  of  the  abdominal  muscles  in  vomit- 
ing, and  of  the  biceps  flexor  cubiti  in  sudden  movements  of 
the  arm.  Sometimes  the  effort  is  one  that  would  scarcely  be 
thought  likely  to  rupture  a  muscle,  as  in  the  case  recorded  by 
Pagenstecher,  where  a  professional  athlete,  while  sitting  at 
table,  ruptured  his  biceps  in  a  sudden  effort  to  catch  a  falling 
glass.  It  would  appear  that  the  rupture  is  brought  about  not 
so  much  by  the  contraction  of  the  muscle  concerned,  as  by  the 
contraction  of  the  antagonistic  muscles  taking  place  before 
that  of  the  muscle  which  undergoes  rupture  is  completed.  The 
violent  muscular  contractions  of  epilepsy,  tetanus,  or  delirium 
rarely  cause  rupture. 

The  clinical  features  are  usually  characteristic.  The  patient 
experiences  a  sudden  pain,  with  a  sensation  of  being  struck 
with  a  whip,  and  of  something  giving  way ;  sometimes  a 
distinct  snap  is  heard.  The  limb  becomes  powerless.  At  the 
seat  of  rupture  there  is  tenderness  and  swelling,  and  there  may 
be  ecchymosis.  As  the  swelling  subsides  a  gap  may  be  felt 
between  the  retracted  ends,  and  this  becomes  wider  when  the 
muscle  is  thrown  into  contraction.  If  untreated,  a  hard, 
fibrous  cord  may  be  felt  at  the  seat  of  rupture. 

Treatment. — The  ends  are  approximated  by  ])lacing  the  limb 
in  an  attitude  which  relaxes  the  muscle,  and  the  position  is 
maintained  by  bandages,  splints,  or  special  apparatus.  When 
it  is  impossible  thus  to  approximate  the  ends  satisfactorily,  the 
muscle  or  tendon  is  exposed  by  incision,  and  the  ends  brought 
into  accurate  contact  by  catgut  sutures.  This  operation  of 
primary  suture  yields  the  most  satisfactory  results,  and  is  most 
successful  when  it  is  done  within  five  or  six  days  of  the 
accident.  Secondary  suture  after  an  interval  of  months  is 
rendered  diflicult  by  the  retraction  of  the  ends  and  by  their 
adhesion  to  adjacent  structures. 

Rupture  of  the  biceps  of  the  arm  may  involve  the  long  or  the 
short  head,  or  the  belly  of  the  muscle.  Most  interest  attaches 
to  rupture  of  the  long  tendon  of  origin.  There  is  pain  and 
tenderness  in  front  of  the  upper  end  of  the  humerus,  the 
patient  is  unable  to  abduct  or  to  elevate  the  arm,  and  he  may 
be  unable  to  flex  the  elbow  when  the  forearm  is  supinated. 
The  long  axis  of  the  muscle,  instead  of  being  parallel  with  the 
humerus,  inclines  downwards  and  outwards.  When  the  patient 
is  asked  to  contract  the  muscle,  its  belly  is  seen  to  be  draAvn 
towards  the  elbow. 

The  adductor  longus  may  be  ruptured,  or  torn  from  the 
pubes,  by  a  violent  eff'ort  to  adduct  the  limb.    A  swelling 
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forms  in  the  upper  and  inner  part  of  the  thigh,  which  becomes 
smaller  and  harder  when  the  muscle  is  contracted. 

The  quadriceps  extensor  femoris  is  usually  ruptured  close  to 
its  insertion  into  the  patella,  in  the  attempt  to  avoid  falling 
backwards.  The  injury  is  sometimes  bilateral.  The  injured 
limb  is  rendered  useless  for  progression,  as  it  suddenly  gives 
way  whenever  the  knee  is  flexed.  Treatment  is  conducted  on 
the  same  lines  as  in  transverse  fractui'e  of  the  patella ;  in  the 
majority  of  cases  the  continuity  of  the  quadriceps  should  be 
re-established  by  suture  within  five  or  six  days  of  the  accident. 

The  tendo  AcMllis  is  comparatively  easily  ruptured,  and 
the  symptoms  are  sometimes  so  slight  that  the  nature  of  the 
injury  may  be  overlooked.  The  limb  should  be  put  up  with, 
the  knee  flexed  and  the  toes  pointed.  This  may  be  effected 
by  attaching  one  end  of  an  elastic  band  to  the  heel  of  a  slipper, 
and  securing  the  other  to  the  lower  third  of  the  thigh.  If 
this  is  not  sufficient  to  bring  the  ends  into  apposition  they 
should  be  approximated  by  sutures. 

The  plantaris  is  not  infrequently  ruptured  from  trivial 
causes,  such  as  a  sudden  movement  in  boxing  or  playing  tennis 
or  hockey.  A  sharp  stinging  pain  like  the  stroke  of  a  whip 
is  felt  in  the  calf ;  there  is  marked  tenderness  at  the  seat  of 
rupture,  and  the  patient  is  unable  to  raise  the  heel  without 
pain.  The  injury  is  of  little  importance,  and  if  the  patient 
keeps  the  heel  to  the  ground  in  walking,  it  is  recovered  from 
in  a  couple  of  weeks  or  so. 

Hernia  of  Muscle. — This  is  a  rare  condition,  in  which,  owing 
to  the  fascia  covering  a  muscle  becoming  stretched  or  torn,  the 
muscular  substance  is  protruded  through  the  rent.  It  has 
been  observed  chiefly  in  the  adductor  longus.  An  oval 
swelling  forms  in  the  upper  part  of  the  thigh,  is  soft  and 
prominent  when  the  muscle  is  relaxed,  less  prominent  when 
it  is  passively  extended,  and  disappears  when  the  muscle  is 
thrown  into  contraction.  It  is  liable  to  be  mistaken,  according 
to  its  situation,  for  a  tumour,  a  cyst,  a  pouched  vein,  or  a 
femoral  or  obturator  hernia.  Treatment  is  only  called  for 
when  it  is  causing  inconvenience,  the  muscle  being  exposed 
by  a  suitable  incision,  the  herniated  portion  excised,  and  the 
rent  in  the  sheath  closed  by  sutures. 

Dislocation  of  Tendons. — Tendons  which  run  in  grooves 
may  be  displaced  as  a  result  of  rupture  of  the  confining  sheath. 
This  injury  is  met  with  chiefly  in  the  tendons  at  the  ankle 
and  in  the  long  tendon  of  the  biceps. 

Dislocation  of  the  peronei  fendons  may  occur,  for  example, 
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from  a  violent  twist  of  the  foot.  There  is  severe  pain  and 
considerable  swelling  in  the  region  of  the  outer  ankle ;  the 
peroneus  longus  by  itself,  or  together  with  the  brevis,  can  be 
felt  on  the  outer  aspect  or  in  front  of  the  external  malleolus ; 
the  patient  is  unable  to  move  the  foot.  By  a  little  manipula- 
tion the  tendons  are  replaced  in  their  grooves,  and  are  retained 
there  by  a  series  of  strips  of  plaster.  At  the  end  of  three 
weeks  massage  and  exercises  are  employed. 

In  other  cases  there  is  no  history  of  injury,  but  whenever 
the  foot  is  everted  the  tendon  of  the  peroneus  longus  is  liable 
to  be  jerked  forwards  out  of  its  groove,  sometimes  with  an 
audible  snap.  The  patient  suffers  pain  and  is  disabled  until 
the  tendon  is  replaced.  Eeduction  is  easy,  but  as  the  displace- 
ment tends  to  recur,  an  operation  is  required  to  fix  the  tendon 
in  its  place.  An  incision  is  made  over  the  tendon ;  if  the 
sheath  is  slack  or  torn,  it  is  tightened  up  or  closed  with  catgut 
sutures ;  or  an  artificial  sheath  is  made  by  raising  up  a  quadri- 
lateral flap  of  periosteum  from  the  outer  aspect  of  the  fibula, 
and  stitching  it  over  the  tendon. 

Similarly  the  tibialis  posticus  may  be  displaced  over  the 
internal  malleolus  as  a  result  of  inversion  of  the  foot. 

The  long  tendon  of  the  biceps  may  be  dislocated  outwards 
or  inwards — usually  inwards — as  a  result  of  violent  or  repeated 
rotation  movements  of  the  upper  arm,  such  as  are  performed 
in  wringing  clothes.  The  patient  is  aware  of  the  displacement 
taking  place,  and  is  unable  to  extend  the  forearm  until  the 
displaced  tendon  has  been  reduced  by  abducting  the  arm.  In 
recurrent  cases  the  patient  may  be  able  to  dislocate  the  tendon 
at  will,  but  the  disability  is  so  inconsiderable  that  there  is 
rarely  any  occasion  for  interference. 

Wounds  of  Muscles  and  Tendons. — When  a  muscle  is  im- 
plicated in  an  accidental  wound,  its  ends  should  be  brought 
together  with  catgut  sutures.  If  the  ends  are  allowed  to 
retract,  and  especially  if  the  wound  suppurates,  they  become 
united  by  scar  tissue  and  may  be  fixed  to  bone  or  other 
adjacent  structure.  In  a  limb  this  may  interfere  with_  the 
functions  of  the  muscle ;  in  the  abdominal  wall  the  scar  tissue 
may  stretch,  and  so  favour  the  development  of  a  ventral  hernia. 

Tendons  may  be  cut  across  accidentally,  especially  in  those 
wounds  so  commonly  met  with  above  the  wrist  as  a  result  of 
the  hand  being  thrust  through  a  pane  of  glass.  It  is  essential 
that  tlie  ends  should  be  sutured  to  each  other,  and  as.  the 
upper  end  is  retracted  the  original  wound  may  require  to  be 
enlarged  in  an  upward  direction.    AVhen  primary  suture  has 
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been  omitted,  or  has  failed  in  consequence  of  suppuration,  the 
separated  ends  of  the  tendon  become  adherent  to  adjacent 
structures,  and  the  function  of  the  associated  muscle  is  impaired 
or  lost.  Under  these  conditions  the  operation  of  secondary 
suture  is  indicated.  A  free  incision  is  necessary  in  order  to 
discover  and  isolate  the  ends  of  the  tendon ;  if  the  interval  is 
too  wide  to  admit  of  their  being  approximated  by  sutures, 
means  must  be  taken  to  lengthen  the  tendon. 


Fig.  99. — Avulsion  of  Tendon  with  Terminal 
Plialaux  of  Thumb. 

(Surgical  Museum,  University  of  Edinburgli.) 

Injuries  of  the  tendons  of  the  fingers  are  comparatively 
common.  One  of  the  best  known  is  the  partial  or  complete 
rupture  of  the  aponeurosis  of  the  extensor  tendon  closa  to  its 
insertion  into  the  terminal  phalanx — droj-)-  or  mallet-finger. 
This  may  result  from  comparatively  slight  violence,  such  as 
striking  the  tip  of  the  extended  finger  against  an  object,  or 
the  violence  may  be  more  severe,  as  in  attempting  to  catch  a 
cricket  ball.  The  terminal  phalanx  is  flexed  towards  the  palm 
and  the  patient  is  unable  to  extend  it  voluntarily.    The  treat- 
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ment  consists  in  applying  a  palmar  splint  a  little  longer  than 
the  digit,  secured  by  a  few  turns  of  adhesive  plaster.  When 
this  fails,  or  in  cases  in  which  the  nature  of  the  lesion  was  not 
recognised  at  the  time  of  its  occurrence,  recourse  may  be  had 
to  operation.  Under  local  ansethesia,  a  flap  of  skin  is  raised 
from  the  dorsum  over  the  terminal  interphalangeal  joint — 
which  as  a  rule  is  found  to  be  open — and  the  torn  aponeurosis 
is  stitched  with  fine  catgut  or  silk. 

Subcutaneous  mpture  of  one  or  other  of  the  digital  tendons 
in  the  hand  or  at  the  wrist  can  only  be  remedied  by  operation. 
When  some  time  has  elapsed  since  the  accident,  the  central 
end  may  be  so  retracted  that  it  cannot  be  brought  down  into 
contact  with  the  peripheral  end,  in  which  case  a  slip  may  be 
taken  from  an  adjacent  tendon ;  in  the  case  of  one  of  the 
extensors  of  the  thumb,  the  extensor  carpi  radialis  longior  may 
be  detached  from  its  insertion  and  stitched  to  the  distal  end  of 
the  thumb  tendon. 

Avulsion  of  Tendons. — This  is  a  rare  injury,  in  which  the 
tendons  of  a  finger  or  toe  are  torn  from  their  attachments  along 
with  a  portion  of  the  digit  concerned.  In  the  hand,  it  is 
usually  brought  about  by  the  fingers  being  caught  in  the  reins 
of  a  runaway  horse,  or  being  seized  in  a  horse's  teeth.  It  is 
usually  the  terminal  phalanx  that  is  separated,  and  with  it 
the  tendon  of  the  deep  flexor,  which  ruptures  most  frequently 
at  its  junction  with  the  belly  of  the  muscle  in  the  forearm 
(Fig.  99).  The  treatment  consists  in  disinfecting  the  wound, 
closing  the  tendon-sheath,  and  trimming  the  mutilated  finger 
so  as  to  provide  a  useful  stump. 


Diseases  of  Muscle  and  Tendons 

Congenital  absence  of  one  or  more  muscles  is  sometimes  met 
with,  usually  in  association  with  other  congenital  deformities. 
The  pectoralis  major,  for  example,  may  be  absent  on  one  or  on 
both  sides,  without,  however,  causing  any  disability,  as  other 
muscles  enlarge  and  take  on  its  functions. 

Atro2^1iy  of  Muscle. — There  is  a  form  of  atrophy  or  wasting 
of  muscles  described  as  simple  because  the  muscle  elements  are 
merely  diminished  in  size  without  undergoing  any  structural 
alteration.  It  is  commonly  met  with  as  a  result  of  disuse,  as 
when  a  patient  is  confined  to  bed  for  a  long  period. 

In  cases  of  joint  disease,  the  muscles  of  the  afiected  region 
become  atrophied  more  rapidly  than  is  accounted  for  by  disuse 
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alone,  and  this  is  attributed  to  an  interference  with  the  trophic 
innervation  of  the  muscles  reflected  from  centres  in  the  spinal 
cord.  It  is  usually  more  marked  in  the  extensor  than  in  the 
flexor  groups  of  muscles.  Those  affected  become  soft  and 
flaccid,  exhibit  tremors  on  attempted  movement,  and  their 
excitability  to  the  faradic  current  is  diminished. 

There  is  also  a  form  of  atrophy  described  as  neuropathic, 
because  of  its  association  with  lesions  of  the  nervous  system. 
It  is  most  pronounced  in  lesions  of  the  motor  nerve-trunks, 
[     probably  because  vaso-motor  and  trophic  fibres  are  involved  as 
1    well  as  those  that  are  purely  motor  in  function.    It  is  attended 
I  '  with  definite  structural  alterations,  the  muscle  elements  first 
undergoing  fatty  degeneration,  and  then  being  absorbed,  and 
replaced  to  a  large  extent  by  ordinary  connective  tissue  and  fat. 
At  a  certain  stage  the  muscles  exhibit  the  reaction  of  degenera- 
tion.   In  the  common  form  of  infantile  paralysis  from  disease 
in  the  anterior  horns  of  the  spinal  cord,  many  fibres  undergo 
fatty  degeneration  and  are  replaced  by  fat,  while  at  the  same 
I    time  there  is  a  regeneration  of  muscle  fibres. 

"Muscular  Eheumatism." — This  clinical  term  is  applied  to 
a  group  of  affections  of  which  lumbago  is  the  best-known 
example.  The  group  includes  lumbago,  stiff-neck,  and 
pleurodynia — conditions  which  have  this  in  common,  that 
sudden  and  severe  pain  is  excited  by  movement  of  the  affected 
part.  The  nature  of  the  lesion  underlying  these  affections  is 
imperfectly  understood,  but  it  Avould  appear  to  affect  mainly 
the  fibrous  tissue  of  muscles,  although  it  may  extend  from 
this  to  aponeuroses,  ligaments,  periosteum,  and  the  sheaths 
of  nerves.  The  term  fibrositis  has  been  applied  to  it  by  Sir 
William  Gowers. 

In  lumbago — lumbosacral  fibrositis — the  pain  is  usually 
located  over  the  sacrum,  the  sacro-iliac  joint,  or  the  aponeu- 
rosis of  the  lumbar  mTiscles  on  one  or  both  sides.  The 
amount  of  tenderness  varies,  and  so  long  as  the  patient  is  still 
he  is  free  from  pain.  The  slightest  attempt  to  alter  the  posi- 
tion of  the  back,  however,  is  attended  by  pain,  which  may  be 
so  severe  as  to  render  him  helpless  for  the  moment.  The  pain 
is  most  marked  on  rising  from  the  stooping  or  sitting  posture, 
and  may  shoot  down  the  back  of  the  hip,  simulating  sciatica, 
but  it  is  not  uncommon  for  lumbago  and  sciatica  to  coexist. 
Once  a  patient  has  suffered  from  lumbago,  it  is  liable  to  recur, 
and  an  attack  may  be  determined  by  errors  of  diet,  changes  of 
weather,  exposure  to  cold  or  unwonted  exertion.  It  is  met 
with  chiefly  in  male  adults,  and  is  most  apt  to  occur  in  those 
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who  are  gouty  or  rheumatic,  or  are  the  subjects  of  oxaluric 
dyspepsia. 

In  fiainfal  stiff-neck,  or  "rheumatic  torticolHs,"  the  pain 
is  located  in  one  side  of  the  neck,  and  is  excited  by  some 
inadvertent  movement.  The  head  is  held  stiffly  on  one  side 
as  in  wry-neck,  the  patient  voluntarily  contracting  the  sterno- 
mastoid.  There  may  be  tenderness  over  the  vertebral  spines 
or  in  the  lines  of  the  cervical  nerves,  and  the  sterno-mastoid 
may  undergo  atrophy.  This  affection  is  not  uncommon  in 
children. 

In  pleurodynia — intercostal  fibrositis—ihe  pain  is  in  the 
line  of  the  intercostal  nerves,  and  is  excited  by  movement  of 
the  chest,  as  in  coughing,  or  by  any  bodily  exertion.  There  is 
often  marked  tenderness. 

A  similar  affection  is  met  with  in  the  shoulder  and  arm — 
brachial  fibrositis — especially  on  waking  from  sleep.  There 
is  acute  pain  on  attempting  to  abduct  the  arm,  and  there 
may  be  localised  tenderness  in  the  region  of  the  circumflex 
nerve. 

Treatment. — The  general  treatment  is  concerned  with  the 
diet,  attention  to  the  stomach,  bowels,  and  kidneys,  and  with 
the  correction  of  any  gouty  tendencies  that  may  be  present. 
Anti-rheumatic  remedies  such  as  salicylates  are  given  for  the 
relief  of  pain,  and  for  this  purpose  drugs  of  the  aspirin  type 
are  to  be  preferred,  and  these  may  be  followed  by  large  doses 
of  iodide  of  potassium.  Great  benefit  may  be  derived  from 
massage,  and  from  the  induction  of  hyperfemia  by  means  of 
heat.  Cupping  or  needling,  or,  in  exceptional  cases,  hypo- 
dermic injections  of  antipyrin  or  morphin,  may  be  called 
for.  To  prevent  relapses  of  lumbago,  the  patient  must  take 
systematic  exercises  of  all  kinds,  especially  such  as  bring  out 
the  movements  of  the  spinal  column  and  hips. 

Contracture  of  Muscles. — Permanent  shortening  of  muscles 
may  result  from  the  prolonged  approximation  of  their  points 
of  attachment,  or  from  structural  changes  in  their  substance 
produced  either  by  injury  or  by  disease.  It  is  a  frequent 
accompaniment,  and  sometimes  a  cause  of  certain  deformities, 
in  the  treatment  of  which  lengthening  of  the  shortened  muscles 
or  their  tendons  may  be  an  essential  step. 

Isehmmic  Contracture. — Volkmann  was  the  first  to  describe 
a  form  of  paralysis  followed  by  contracture,  resulting  from 
interference  with  the  arterial  circulation.  It  is  most  frequently 
observed  in  the  flexor  muscles  of  the  forearm  in  children  and 
young  persons  under  treatment  for  fractures  in  the  region  of 


DISEASES  OF  MUSCLE  AND  TENDONS  415 


the  elbow  joint.  There  is  considerable  effusion  of  blood,  the 
skin  is  tense,  and  the  muscles,  vessels,  and  nerves  are  com- 
j^ressed;  this  is  further  increased  if  the  elbow  is  flexed  and 
splints  and  tight  bandages  are  applied.  The  muscles  acquire 
a  board-like  hardness  and  no  longer  contract  under  the  will, 
and  passive  motion  is  painful  and  restricted.  Slight  con- 
tracture of  the  fingers  is  usually  the  first  sign  of  the  malady ; 
in  time  the  muscles  undergo  further  contraction,  and  this 
hrings  about  a  claw-like  deformity  of  the  hand.  The  affected 
muscles  usually  show  the  reaction  of  degeneration.  In  severe 
cases  the  median  and  ulnar  nerves  are  also  the  seat  of  cicatricial 
changes  (ischaBmic  neuritis). 

By  means  of  splints,  the  mterphalangeal,  metacarpo-phalan- 
geal,  and  wrist  joints  should  be  gradually  straightened  until  the 
deformity  is  over-corrected  (R.  Jones).  A.  S.  Taylor  advises 
resection  of  the  radius  and  ulna  sufficient  to  admit  of  dorsi- 
flexion  of  the  joints  in  preference  to  division  of  the  shortened 
muscles. 

Myositis. — Various  forms  of  inflammation  of  -pyogenic  origin 
are  met  with  in  muscle,  most  frequently  in.  relation  to  pyaemia 
and  to  typhoid  fever.  These  may  result  in.  overgrowth  of  the 
connective-tissue  framework  of  the  muscle  and  degeneration  of 
its  fibres,  or  in  suppuration  and  the  formation  of  one  or  more 
abscesses  in  the  muscle  substance.  Repair  may  be  associated 
with  contracture. 

In  patients  suffering  from  gonorrhoea  a  gonorrhoeal  myositis 
may  be  met  with;  it  is  very  painful,  but  rarely  goes  on  to 
suppuration. 

In  the  early  secondary  period  of  syphilis,  the  muscles  may  be 
the  seat  of  dull,  aching,  nocturnal  pains,  especially  in  the  neck 
and  back.  Reference  must  also  be  made  to  what  is  known  as 
syjyhilitic  coiitracture,  a  condition  which  has  been  observed 
chiefly  in  the  later  secondary  period.  The  biceps  of  the  arm, 
and  the  hamstrings  in  the  thigh,  are  the  muscles  most  commonly 
afiected.  The  striking  feature  is  a  gradually  increasing  difficulty 
of  extending  the  limb  at  the  elbow  or  knee,  and  progressive 
flexion  of  the  joint.  The  afi"ected  muscle  is  larger  and  firmer 
than  normal,  and  its  electric  excitability  is  diminished.  In 
tertiary  syphilis,  individual  muscles  may  become  the  seat  of 
interstitial  myositis  or  of  gummata,  and  these  affections  readily 
yield  to  anti-syphilitic  remedies. 

Tuberculous  disease  in  muscle,  while  usually  due  to  extension 
from  adjacent  tissues,  is  sometimes  the  result  of  a  primary 
infection  through  the  blood-stream.    Tuberculous  nodules  are 
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found  disseminated  throughout  the  muscle;  the  surrounding  ik 
tissues  are  indurated,  and  central  caseation  may  take  place  and 
lead  to  abscess  formation  and  sinuses.  We  have  observed  this 
form  of  tuberculous  disease  in  the  gastrocnemius  and  in  the 
psoas — in  the  latter  muscle  apart  from  tuberculous  disease  in 
the  vertebrse. 

Tendinitis. — German  authors  describe  an  inflammation  of 
tendon  as  distinguished  from  inflammation  of  its  sheath,  and 
give  it  the  name  tendinitis.  It  is  met  with  most  frequently 
in  the  tendo  Achillis  in  gouty  and  rheumatic  subjects  who 
have  overstrained  the  tendon,  especially  during  cold  and  damp 
"weather.  There  is  localised  pain  which  is  aggravated  by 
walking,  and  the  tendon  is  sensitive  and  swollen  from  a  little 
above  its  insertion  to  its  junction  with  the  muscle.  Gouty 
nodules  may  form  in  its  substance.  Constitutional  measures, 
massage,  and  douching  should  be  employed.  The  tendon  should 
be  protected  from  strain.  The  foot  having  been  placed  in  the  ' 
attitude  of  slight  plantar  flexion,  a  broad  strip  of  plaster  is 
applied  from  the  middle  of  the-calf,  over  the  heel  to  the  middle 
of  the  sole,  and  over  this  additional  strips  are  apphed  at  right 
angles. 

Calcification  and  Ossification  in  Muscles,  Tendons,  and 
Fasciae — Myositis  ossificans. — Reference  may  be  made  in  the  first 
place  to  the  ossifications  which  occur  in  muscles,  tendons,  fasciae,, 
and  ligaments,  in  those  who  are  the  subjects  of  arthritis 
deformans.  They  are  seldom  recognised  clinically,  but  are 
frequently  met  with  in  the  dissecting-room  and  in  museums. 
Similar  localised  ossifications  are  met  with  in  Charcot's  disease 
of  joints,  and  in  fractures  which  have  repaired  with  exuberant  I 
callus.  The  new  bone  may  be  in  the  form  of  spicules,  plates,  or 
irregular  masses,  which,  when  connected  with  a  bone,  are  called 
false  or  spurious  exostoses  (Fig.  100). 

Traumatic  Ossification  in  relation  to  Muscle. — Various  forms 
of  ossification  are  met  with  in  muscle  as  the  result  of  a  single 
or  of  repeated  injury.  Ossification  in  the  crureus  or  vastus 
externus  muscle  has  been  most  frequently  observed  as  a 
result  of  a  kick  from  a  horse.  Within  a  week  or  two  a 
tumour  appears  at  the  site  of  injury,  and  becomes  progressively 
harder  until  its  consistence  is  that  of  bone.  If  the  tumour 
moves  with  the  affected  muscle,  it  causes  but  little  incon- 
venience. If,  as  is  commonly  the  case,  it  is  fixed  to  the 
subjacent  bone,  the  action  of  the  muscle  is  impaired,  and 
the  patient  complains  of  pain  and  difficulty  in  flexing  the 
knee.     A  skiagram  shows  the  extent  of  the  mass  and  its 
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relationship  to  the  femur.  The  treatment  consists  in 
excising  the  bony  mass.  In  some  cases  a  hsematoma  Avith  a 
fibrous  wall  and  smooth  lining  membrane  is  found  overlying 
the  bony  tumour. 

A  similar  ossification  has  been  observed  in  relation  to  the 
insertion  of  the  brachialis  anticus  as  a  sequel  of  dislocation  of 
the  elbow.  After  successful  reduction  of  the  dislocation,  the 
range  of  movement  gradually  diminishes  and  a  hard  swelling 
api^ears  in  front  of  the  lower  end  of  the  humerus. 


Fig.  100. — Ossification  in  Tendon  of  Ilio-psoas  Muscle. 

Ossification  in  the  adductor  longus  was  first  described  by 
Billroth  under  the  name  of  "  rider's  bone."  It  is  due  to  bruising 
and  partial  rupture  of  the  muscle,  and  has  been  observed  chiefly 
in  cavalry  soldiers.  If  it  causes  inconvenience  when  riding, 
it  may  be  removed  by  operation. 

Ossification  in  the  deltoid  and  pectoral  muscles  has  been  ob- 
served ill  foot-soldiers  in  the  German  army,  and  has  received 
the  name  of  "  drill-bone  "  ;  it  is  due  to  bruising  of  the  muscle 
by  the  recoil  of  the  rifle. 
VOL.  I.  —  27 
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The  manner  in  which  the  bone  is  formed  in  these  traumatic 
ossifications  is  still  the  subject  of  controversy.  The  popular 
view  is  that  a  portion  of  periosteum  is  partly  or  completely  de- 
tached, and,  becoming  embedded  in  the  muscle,  there  continues 
its  bone-forming  functions  ;  instead  of  a  visible  portion  of  perios- 
teum, it  may  be  merely  the  cellular  elements  that  are  displaced. 
Another  view  is  that  the  interstitial  connective  tissue  of 
muscle  is  the  morphological  equivalent  of  periosteum,  and  may 
itself  form  bone — as  it  undoubtedly  does  in  progressive  ossifying 
myositis — under  the  stimulus  of  a  single  or  of  repeated  traumata. 

Progressive  Ossifying  Myositis. — This  is  a  rare  and  interesting 
disease,  in  which  the  muscles,  tendons,  and  fasciae  throughout 
the  body  become  the  seat  of  ossification.  It  affects  almost 
exclusively  the  male  sex,  and  usually  begins  in  childhood  or 


1 


Fig.  101.^ — Calcification  and  Ossification  in  Biceps  and  Triceps. 
(From  a  radiogram  lent  by  Dr.  C.  A.  Adair  Dighton.) 

youth,  sometimes  after  an  injury,  sometimes  without  apparent 
cause.  The  muscles  of  the  back,  esjjecially  the  trapezius  and 
latissimus,  are  the  first  to  be  afi'ected,  and  the  initial  complaint 
may  be  of  limitation  of  movement. 

On  examining  the  affected  muscles,  swellings  are  found  which 
are  rounded  or  oval,  firm  and  elastic,  sharply  defined,  without 
tenderness  and  without  discoloration  of  the  overlying  skin. 
It  lias  been  observed  in  some  cases  that  these  swellings  come 
and  go  before  the  permanent  bony  masses  are  formed.  Skia- 
grams show  that  a  considerable  deposit  of  lime  salts  may  pre- 
cede the  formation  of  bone,  as  is  seen  in  Fig.  101.  In  course 
of  time  the  spine  becomes  rigid,  the  head  is  bent  forward,  the 
hips  are  flexed,  and  abduction  and  other  movements  of  the 
arms  are  limited.  The  disease  progresses  by  fits  and  starts, 
until  all  the  striped  muscles  of  the  body  may  be  replaced  by 
bone,  and  all  movements,  even  those  of  the  jaws,  may  be 
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abolished.  It  is  generally  fatal  within  ten  or  twelve  years 
from  its  onset,  death  usually  resulting  from  pulmonary  com- 
plications. 

There  is  no  means  of  arresting  the  disease,  and  surgical  treat- 
ment is  restricted  to  the  removal  of  any  mass  of  bone  that 
interferes  with  an  important  movement. 

A  remarkable  feature  of  this  disease  is  the  frequent  presence 
of  a  deformity  of  the  great  toes,  which  usually  takes  the  form 
of  hallux  valgus,  the  great  toes  coming  to  lie  beneath  the 
second  toes;  the  shortening  is  usually  ascribed  to  absence  of 
the  first  phalanx,  but  it  has  been  shown  to  depend  also  on  a 
synostosis  and  imperfect  development  of  the  phalanges  of  the 
toes,  A  similar  deformity  of  the  thumbs  is  sometimes  met 
with. 

Microscopical  examination  of  the  muscles  shows  that  prior 
to  the  deposition  of  lime  salts  and  the  formation  of  bone,  there 
occurs  a  marked  proliferation  of  the  intra-muscular  connective 
tissue  and  a  gradual  replacement  and  absorption  of  the  muscle 
fibres.  The  bone  is  spongy  in  character,  and  its  development 
takes  place  along  similar  lines  to  those  normally  observed  in 
the  periosteum. 

Tumours  of  Muscle. — With  the  exception  of  certain  rare 
congenital  varieties,  such  as  the  rhabdomyoma,  tumours  of 
muscle  grow  from  the  connective-tissue  framework  and  not  from 
the  muscle  fibres.  Innocent  tumours,  such  as  the  fibroma, 
lipoma,  angioma,  and  neuro-fibroma,  are  rare.  The  angioma  of 
muscle,  like  angiomata  in  other  situations,  is  chiefly  met  with 
in  young  people ;  it  may  be  circumscribed  or  difi"use,  and  the 
overlying  skin  is  usually  normal.  Malignant  tumours  may  be 
primary  in  the  muscle,  or  may  result  from  extension  from 
adjacent  growths — for  example,  implication  of  the  pectoral 
muscle  in  cancer  of  the  breast — or  they  may  be  derived  by 
metastasis  from  tumours  situated  elsewhere.  The  diagnosis 
of  an  intra-muscular  tumour  is  made  by  observing  that  the 
swelling  is  situated  beneath  the  deep  fascia,  that  it  becomes 
firm  and  fixed  when  the  muscle  is  contracted,  and  that,  when 
the  muscle  is  relaxed,  it  becomes  softer,  and  can  be  moved  in 
the  transverse  axis  of  the  muscle,  but  not  in  its  long  axis.  The 
same  remarks  ap[)ly  to  a  gumma  or  mass  of  bone  M'ithin  the 
muscle. 

Clinical  interest  chiefly  attaches  to  that  form  of  slowly 
growing  fibro-sarcoma — the  recurrent  fihroid  of  Paget — which 
is  most -frequently  met  with  in  the  muscles  of  the  abdominal 
wall.    A  rarer  variety  is  the  ossifying  chondro-sarcoma,  which 
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may  undergo  ossification  to  such  an  extent  as  to  be  visible  in 
skiagrams. 

In  primary  sarcoma  the  treatment  consists  in  removing  the 
muscle.  In  the  limbs,  the  function  of  the  muscle  that  is  re- 
moved may  be  retained  by  transplanting  an  adjacent  muscle  in 
its  place.  We  have  carried  this  out  in  an  ossifying  sarcoma  of 
the  muscles  of  the  calf  by  stitching  the  divided  peroneus  longus 
into  the  tendo  Achillis. 

Hydatid  cysts  of  muscle  are  rare. 


DISEASES  OF  TENDON  SHEATHS 

Tendon  sheaths  have  the  same  structure  and  function  as  the 
synovial  membranes  of  joints,  and  are  liable  to  the  same 
diseases.  Beyond  the  limits  of  the  tendon  sheaths  ordinarily 
displayed  in  anatomical  dissections,  there  is  a  loose  peri- 
tendinous and  peri-muscular  cellular  tissue  which  is  subject 
to  the  same  inflammatory  affections  as  the  tendon  sheaths 
proper. 

Teno -synovitis. — The  toxic  or  infective  agent  is  either 
conveyed  to  the  tendon  sheaths  through  the  blood-stream,  as 
in  the  gouty,  gonorrhoeal,  and  tuberculous  varieties,  or  is  intro- 
duced directly  through  a  wound,  as  in  the  common  septic  form 
of  teno-synovitis. 

Te7io-s>/novitis  crepitans. — In  the  simple  or  traumatic  form 
of  teno-synovitis,  although  the  most  prominent  etiological 
factor  is  a  strain  or  over-use  of  the  tendon,  there  would  appear 
to  be  some  other,  probably  a  toxic,  factor  in  its  production,  other- 
wise the  aff"ection  would  be  much  more  common  than  it  is : 
only  a  very  small  proportion  of  those  who  strain  or  over-use 
their  tendons  become  the  subjects  of  teno-synovitis.  The 
opposed  surfaces  of  the  tendon  and  its  sheath  are  covered  with 
fibrinous  lymph,  so  that  there  is  friction  when  they  move  on 
one  another. 

The  clinical  features  are  pain  on  movement,  tenderness  on 
pressure  over  the  affected  tendon,  and  a  sensation  of  crepitation 
or  friction  when  the  tendon  is  moved  in  its  sheath.  The 
crepitation  may  be  soft  like  the  friction  of  snow,  or  may  resemble 
the  creaking  of  new  leather—"  saddle-back  creaking."  There 
may  be  swelling  in  the  long  axis  of  the  tendon,  and  redness 
and  oedema  of  the  skin.  If  there  is  an  efllV.sion  of  fluid  into 
the  sheath,  the  swelling  is  more  marked  and  crepitation  is 
absent.    There  is  little  tendency  to  the  formation  of  adhesions. 
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In  the  upper  extremity,  the  sheath  of  the  long  tendon  of  the 
biceps  may  be  affected,  but  the  condition  is  most  common  in 
the  tendons  about  the  wrist,  particularly  in  the  extensors  of  the 
thumb,  and  it  is  most  frequently  met  with  in  those  who  follow 
occupations  which  involve  prolonged  use  or  excessive  straining 
of  these  tendons,  for  example,  washerwomen  or  riveters.  It 
also  occurs  as  a  result  of  excessive  piano-playing,  fencing,  or 
rowing. 

At  the  ankle  it  may  affect  the  peronei,  the  extensor  longus 
digitorum,  or  the  tibialis  anticus.  It  is  most  often  met  with  in 
relation  to  the  tendo  Achillis — Acliillo-clynia — and  results  from 
the  pressure  of  ill-fitting  boots  or  from  the  excessive  use  and 
strain  of  the  tendon  in  cycling,  walking,  or  dancing.  There 
is  pain  and  difficulty  in  raising  the  heel  from  the  ground,  and 
creaking  can  be  felt  on  palpation. 

The  treatment  consists  in  producing  hyperemia  by  Bier's 
method,  and  resting  the  affected  tendon;  in  the  case  of  the 
extensors  of  the  thumb,  a  splint  commanding  the  forearm  and 
hand  is  applied.  Pain  is  relieved  by  lead  and  opium  fomenta- 
tions or  by  painting  the  part  with  belladonna  and  glycerine. 
The  affection  readily  subsides  under  treatment,  but  is  liable  to 
relapse  on  a  repetition  of  the  exciting  cause. 

Gouty  Tenosynovitis. — A  deposit  of  urate  of  soda  beneath 
the  endothelial  covering  of  tendons  or  of  that  lining  their 
sheaths  is  commonly  met  with  in  gouty  subjects.  The 
accumulation  of  urates  may  result  in  the  formation  of  visible 
nodular  swellings,  varying  in  size  from  a  pea  to  a  cherry, 
attached  to  the  tendon  and  moving  with  it.  They  may  be 
merely  unsightly,  or  they  may  interfere  with  the  use  of 
the  tendons.  Eecurrent  attacks  of  inflammation  sometimes 
occur.  We  have  removed  such  gouty  masses  with  satisfactory 
results. 

Stippurative  Teno-synocitis.— This  form  usually  follows  upon 
infected  wounds  of  the  fingers— especially  of  the  thumb  or 
little  finger— and  is  a  frequent  sequel  to  whitlow ;  it  may  also 
follow  amputation  of  a  finger.  Once  the  infection  has  gained 
access  to  the  sheath,  it  tends  to  spread,  and  may  reach  the  palm 
or  even  the  forearm,  being  then  associated  with  cellulitis  and 
causing  considerable  pain,  swelling,  and  high  temperature.  In 
moderately  acute  cases  the  tendon  and  its  sheath  become 
covered  with  granulations,  which  subsequently  lead  to  the 
formation  of  firm  adhesions;  while  in  more  acute  cases  the 
.tendon  s  oughs.  The  pus  may  burst  into  the  cellular  tissue 
outside  the  sheath,  and  the  suppuration  is  liable  to  spread 
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to  neighbouring  sheaths  or  to  adjacent  bones  or  joints — for 
example,  those  of  the  wrist. 

The  treatment  consists  in  inducing  hypersemia  and  making 
small  incisions  for  the  escape  of  pus.  The  site  of  incision  can 
usually  be  determined  by  the  point  of  greatest  tenderness  on 
pressure.  After  the  inflammation  has  subsided,  active  and 
passive  movements  are  employed  to  prevent  the  formation 
of  adhesions  between  the  tendon  and  its  sheath.  If  the 
tendon  sloughs,  the  dead  portion  should  be  cut  away,  as  its 
separation  is  extremely  slow  and  is  attended  with  prolonged 
suppuration. 

Gonorrliceal  Tenosynovitis. — This  is  met  with  especially  in 
the  tendon  sheaths  about  the  wrist  and  ankle.  It  may  occur 
in  a  mild  form,  with  pain,  impairment  of  movement,  and 
oedema,  and  sometimes  an  elongated,  fluctuating  swelling 
develops,  the  result  of  serous  eflusion  into  the  sheath.  This 
condition  may  alternate  with  a  gonorrhoeal  afi'ection  of  one  of 
the  large  joints.  It  may  subside  under  rest  and  soothing 
applications,  but  is  liable  to  relapse.  In  the  more  severe 
variety  the  skin  is  red,  and  the  swelling  partakes  of  the 
characters  of  a  phlegmon  with  threatening  suppuration.  Even 
if  pus  forms  in  the  sheath,  the  tendon  rarely  sloughs.  The 
treatment  consists  in  inducing  hypereeraia  by  Bier's  method ; 
and  we  have  used  an  anti-gonococcic  serum,  and  also  a  vaccine, 
with  satisfactory  results. 

Tuberculous  Disease  of  Tendon  Sheaths. — This  is  a  compara- 
tively common  afi'ection,  and  is  analogous  to  tuberculous  disease 
of  the  synovial  membrane  of  joints.  It  may  originate  in  the 
sheath,  or  may  spread  to  it  from  an  adjacent  bone. 

The  commonest  form — hydrops — is  that  in  which  the 
synovial  sheath  is  distended  with  a  viscous  fluid,  and  the 
fibrinous  material  on  the  free  surface  becomes  detached  and 
is  moulded  into  melon-seed  bodies  by  the  movement  of  the 
tendon.  The  sheath  itself  is  thickened  by  the  growth  of 
tuberculous  granulation  tissue,  which  subsequently  undergoes 
degeneration.  '  The  bodies  vary  greatly  in  size  and  shape,  are 
smooth  and  of  a  dull-white  colour.  There  may  be  an  over- 
growth of  the  fatty  fringes  of  the  synovial  sheath,  a  condition 
described  as  "  arborescent  lipoma." 

The  clinical  features  vary  with  the  tendon  sheath  aftected. 
In  the  common  flexor  sheath  of  the  hand  an  hour-glass-shaped 
swelling  is  formed,  bulging  above  and  below  the  annular 
ligament— formerly  known  as  compound  palmar  (janglion. 
There  is  little  or  no  pain,  but  the  fingers  tend  to  be  stiff  and 
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weak,  and  they  may  become  flexed.  On  palpation,  it  is  usually 
possible  to  displace  the  contents  of  tlie  sheath  from  one  com- 
partment to  the  other,  and  this  may  yield  fluctuation,  and, 
what  is  more  characteristic,  a  peculiar  soft  crepitant  sensation 
from  the  movement  of  the  melon-seed  bodies  against  one 
another.  In  the  sheath  of  the  peronei  or  other  tendons  about 
the  ankle,  the  swelling  is  sausage-shaped,  and  is  constricted 
opposite  the  annular  ligament. 

The  onset  and  progress  of  the  affection  are  most  insidious, 
and  the  condition  may  remain  stationary  for  long  periods.  It 
is  aggravated  by  use  or  strain  of  the  tendons  involved.  In 
exceptional  cases  the  skin  is  thinned  and  gives  way,  leading  to 
the  formation  of  a  discharging  sinus. 

Treatment. — In  the  common  flexor  sheath  of  the  palm,  an 
attempt  may  be  made  to  cure  the  condition  by  removing  the 
contents  through  a  small  incision  and  filling  the  cavity  with 
iodoform  glycerine,  followed  by  the  use  of  Bier's  bandage.  If 
this  fails,  the  distended  sheath  is  laid  open,  the  contents 
removed,  the  wall  scraped,  and  the  wound  closed.  During  the 
after  treatment  it  is  important  to  maintain  movement  of  the 
fingers. 

A  less  common  form  of  tuberculous  disease  is  that  in  which 
the  sheath  becomes  the  seat  of  a  diffuse  tuhemdous  tliicTiening, 
not  unlike  the  white  swelling  met  with  in  joints,  and  with  a 
similar  tendency  to  caseation.  There  is  an  absence  of  fluid 
and  of  melon-seed  bodies.  A  painless  swelling  of  an  elastic 
character  forms  in  relation  to  the  tendon  sheath.  It  is  hour- 
glass-shaped in  the  common  flexor  sheath  of  the  palm,  elongated 
or  sausage-shaped  in  the  extensors  of  the  wrist  and  in  the 
tendons  at  the  ankle.  Although  resembling  the  previous  form 
in  being  slow  in  progress  and  of  long  duration,  it  is  more  liable 
to  result  in  invasion  of  the  tendons  and  interference  with  their 
functions.  It  is  also  more  liable  to  break  down  and  lead  to  the 
formation  .of  abscesses  and  sinuses,  and  in  our  experience  is 
more  often  associated  with  disease  in  an  adjacent  bone  or  joint. 
In  the  peronei  tendons,  for  example,  it  may  result  from  disease 
of  the  fibula  or  of  the  ankle-joint. 

As  a  rule  the  diagnosis  is  easy,  but  the  local  appearances 
closely  resemble  those  of  innocent  tumours  of  tendon  sheaths. 

When  conservative  measures  fail,  excision  of  the  aff"ected 
sheath  should  be  performed;  the  whole  of  the  diseased  area 
being  exposed  by  free  incision  of  the  overlying  soft  parts ;  the 
sheath  carefully  isolated  from  the  surrounding  tissues  and  cut 
across  above  and  below.    Any  tuberculous  tissue  on  the  tendon 
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itself  is  removed  with,  a  sharp  spoon.  Associated  bone  or  joint 
lesions  are  dealt  with  at  the  same  time.  In  the  after-treatment 
the  functions  of  the  tendons  must  be  preserved  by  voluntary 
and  passive  movements. 

SijjjMUUc  Affections  of  Tendon  Sheaths. — These  closely  re- 
semble the  syphilitic  affections  of  the  synovial  membrane  of 
joints.  During  the  secondary  period  the  lesion  usually 
consists  in  effusion  into  the  sheath ;  gummata  are  met  with 
during  the  tertiary  period. 

Tumours  of  Tendon  Sheaths. — Innocent  tumours,  such  as 
lipoma,  fibroma,  and  myxoma,  are  very  rare.  Their  clinical 
features  resemble  tuberculous  disease  so  closely  that  the 
diagnosis  is  often  extremely  difficult.  Special  mention  should 
be  made  of  the  myeloma  which  is  met  with  at  the  vnht  or 
ankle  as  an  elongated  swelling  of  slow  development,  or  over 
the  phalanx  of  a  finger  as  a  small  rounded  swelling.  The 
tumour  tissue,  when  exposed  by  dissection,  is  of  a  chocolate 
or  chamois-yellow  colour,  and  consists  almost  entirely  of  giant 
cells.  The  treatment  consists  in  dissecting  the  tumour  tissue 
off  the  tendons,  and  this  is  usually  successful  in  bringmg 
about  a  permanent  cure. 

All  varieties  of  sarcoma  are  met  with,  but  their  origin  from 
tendon  sheaths  is  not  associated  with  any  special  features.  In 
removing  them  it  may  be  necessary  to  sacrifice  the  tendons  or 
to  amputate  the  limb. 
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Anatomy — Normal  and  adventitious  bursa — Injuries  :  Bursal  lisematoma 
— Diseases  :  Traumatic  or  trade  bursitis  ;  Bursal  hydrops  ;  Solid 
bursal  tumour ;  Gonorrhceal  and  suppurative  forms  of  bursitis ; 
Tuberculous  and  syphilitic  disease — Tumoui-s — Diseases  of  individual 
bur  sec  in  the  upper  and  lower  extremities. 

A  BURSA  is  a  closed  sac  lined  by  endothelium  and  containing 
synovia.  Some  are  normally  present — for  instance,  that 
between  the  skin  and  the  patella,  and  that  between  the 
aponeurosis  of  the  gluteus  maximus  and  the  great  trochanter. 
Adventitious  bursce  are  developed  as  a  result  of  abnormal 
pressure,  for  example,  over  the  tarsal  bones  in  cases  of  club-foot. 

Injuries  of  Bursas. — As  a  result  of  contusion,  especially  in 
bleeders,  hsemorrhage  may  occur  into  the  cavity  of  a  bursa  and 
give  rise  to  a  hursal  hccmatoma.  Such  a  hsematoma  may  mask 
a  fracture  of  the  bone  beneath — for  example,  fracture  of  the 
olecranon  process.  Acute  suppuration  is  a  frequent  sequel  of 
infected  wounds. 

Diseases  of  Bursse.— The  lining  membrane  of  bursas  re- 
sembles that  of  joints  and  tendon  sheaths,  and  is  liable  to  the 
same  forms  of  disease. 

Trade  or  Traumatic  Bursitis.— This  term  may  be  con- 
veniently applied  to  certain  affections  of  bursa?  which  appear  to 
result  from  repeated  slight  traumatism  incident  to  particular 
occupations.  The  most  familiar  examples  of  these  are  the 
enlargement  of  the  prepatellar  bursa  met  with  in  housemaids 
—the  "housemaid's  knee"  (Fig.  102);  the  enlargement  of  the 
olecranon  bursa—"  miner's  elbow  " ;  and  of  the  ischial  bursa— 
weaver's"  or  "tailor's  bottom"  (Fig.  105).  These  affections 
are  characterised  by  an  effusion  of  fluid  into  the  sac  of  the  bursa 
with  more  or  less  thickening  of  its  lining  membrane.  While 
Iriction  and  pressure  are  the  most  evident  factors  in  their 
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production,  it  is  probable  that  there  is  also  some  toxic  agent 
concerned,  otherwise  these  affections  would  be  much  more 
common  than  they  are.  Of  the  countless  housemaids  in  whom 
the  prepatellar  bursa  is  subjected  to  friction  and  pressure,  onlj- 
a  small  proportion  become  the  subjects  of  housemaid's  knee. 

Clinical  Features. — As  these  are  best  illustrated  in  the 
different  varieties  of  prepatellar  bursitis,  it  is  convenient  to  take 
this  as  the  type.  In  a  number  of  cases  the  inflammation  is 
acute  and  the  patient  is  iinable  to  use  the  limb  ;  the  part  is 
hot,  swollen,  and  tender,  and  fluctuation  can  be  detected  in  the 
bursa.  In  the  majority  of  cases  the  condition  is  chronic,  and 
the  chief  feature  is  the  gradual  accumulation  of  fluid  consti- 
tuting the  bursal  hydrops  or  hygroma.  When  the  affection  has 
lasted  some  time,  or  has  frequently  relapsed,  the  wall  of  the 


Fig.  102.— Hydrops  of  Prepatellar  Bursa  in  a  housemaid. 


bursa  becomes  thickened  by  fibrous  tissue,  which  may  be  deposited 
irregularly,  so  that  septa,  bands  or  fringes  are  formed  not  unlike 
those  met  with  in  arthritis  deformans.  These  fringes  may  be 
detached  and  form  loose  bodies  like  those  met  with  in  joints  : 
less  frequently  there  are  fibrinous  bodies  of  the  melon-seed 
type,  sometimes  moulded  into  circular  discs  like  wafers.  The 
presence  of  irregular  thickenings  of  the  wall,  or  of  loose  bodies, 
may  be  recognised  on  palpation,  especially  in  superficial  bursse, 
if  the  sac  is  not  tensely  distended  with  fluid.  The  thickening  of 
the  wall  may  take  place  in  a  uniform  and  concentric  fashion, 
resulting  in  the  formation  of  a  fibrous  tumour — the  solid  bursal 
tumour — a  small  cavity  containing  a  little  fiuid  remaining  in 
the  centre. 

The  treatment  varies  according  to  the  variety  and  stage  of 
the  affection.  In  recent  cases  the  symptoms  subside  under  rest 
and  the  application  of  fomentations.    Hydrops  may  be  got  rid 
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of  by  blistering,  by  tapping,  or  by  incision  and  drainage. 
When  the  wall  is  thickened,  the  most  satisfactory  treatment  is 
to  excise  the  bursa ;  the  overlying  skin  being  reflected  down- 
wards or  outwards  in  the  shape  of  a  horse-shoe  flap. 

Other  Diseases  of  Bursas  are  associated  with  gonorrlioeal 
infection,  and  with  rheumatism,  especially  that  following  scarlet 
fever,  and  are  apt  to  be  very  persistent  or  to  relapse  after 
apparent  cure.  In  the  gouty  form,  urate  of  soda  is  deposited  in 
the  wall  of  the  bursa,  and  may  result  in  the  formation  of  chalky 
tumours,  sometimes  of  considerable  size  (Fig.  103). 

The  sitppurative  form  may  be  due  to  the  extension  of  in- 
fection from  adjacent  tissues — for  example,  from  suppuration  in 
a  joint  or  in  the  cellular 
tissue  ;  but  it  usually  results 
from  an  infected  wound  im- 
plicating the  bursa,  or  the 
skin  and  subcutaneous  tissue 
over  it.  It  is  frequently 
met  with  in  the  olecranon 
bursa  after  a  fall  on  the 
elbow,  or  in  the  prepatellar 
bursa  from  a  similar  injury 
to  the  knee.  The  skin  is 
red,  and  there  is  great  swell- 
ing and  oedema  of  the  part, 
and,  if  untreated,  the  septic 
process  may  transgress  the 
wall  of  the  bursa,  invade 
the  surrounding  cellular 
tissue,  and  spread  up  and 
down  the  limb,  simulating 
a  spreading  erysipelas. 

Tuberculous  disease  of  bursas  closely  resembles  that  of  tendon 
sheaths.  It  may  occur  as  an  independent  affection,  or  may  be 
associated  with  tuberculous  disease  in  an  adjacent  bone  or  joint. 
It  is  met  with  chiefly  in  the  prepatellar  and  subdeltoid  bursa;', 
or  in  one  of  the  bursse  over  the  great  trochanter.  The  clinical 
features  are  those  of  an  indolent  hydrops,  with  or  without 
melon-seed  bodies,  or  of  uniform  thickening  of  the  wall  of  the 
bursa ;  the  tuberculous  granulation  tissue  may  break  down  into 
a  cold  abscess,  and  give  rise  to  persistent  sinuses.  The  best  treat- 
ment IS  to  excise  the  allected  bursa,  or,  when  this  is  impractic- 
able, to  lay  It  freely  open,  remove  tlie  tuberculous  tissue  with  the 
sharp  spoon,  and  treat  the  resulting  cavity  by  the  open  method 


Fig.  103. —Section  througli  Bursa  over 
external  malleolus,  showing  deposit  of 
urate  of  soda.    (Cf.  Fig.  108.) 
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Syphilitic  disease  is  rarely  recognised  except  in  the  form 
of  bursal  and  peri-bursal  gummata  in  front  of  the  knee- 
joint. 

Tumours  of  bursse  include  the  fibroma,  the  myxoma,  the 
myeloma  or  giant-celled  tumour,  and  various  forms  of  sarcoma. 

Diseases  of  Individual  Bursse. — The  olecranon  bursa  is 
frequently  the  seat  of  septic  infection  and  of  traumatic  or 

trade     bursitis,  the 
H^^^^^^JH^^^H^^^^^^^^^H  as 


into     a  comfortable 
Fig.  104.— Tuberculous  Disease  of  Sub-Deltoid     position.     Local  ten- 


(From  a  photograph  lent  by  Sir  George  T.  Beatson.)     over    the  anatomical 

limits  of  the  bursa  and 
is  usually  most  marked  over  the  great  tuberosity,  just  external  to 
the  bicipital  groove.  Demonstrable  effusion  is  not  uncommon 
but  is  disguised  by  the  overlying  tissues.  If  left  to  himself,  the 
patient  tends  to  maintain  the  limb  in  the  sling  position  and 
resists  movements  in  the  direction  of  abduction  and  rotation.  In 
the  treatment  of  this  aflfection  the  arm  should  be  maintained 
at  a  right  angle  to  the  body,  the  upper  arm  being  rotated 
inwards  (Codman).  When  pain  permits  of  it,  movements  of 
the  arm  and  massage  are  persevered  with.    In  neglected  cases. 


The  suh  -  deltoid 
or  suh-acromial  bursa, 
which  usually  pre- 
sents a  single  cavity 
and  does  not  normally 
communicate  with  the 
shoulder-joint,  is  in- 
dispensable in  abduc- 
tion and  rotation  of 
the  humerus.  It  is 
liable  to  traumatic 
affections  from  a  fall 
on  the  shoulder,  pres- 
sure, or  over-use  of 
the  limb.  Pain  is  a 
constant  symjDtom  and 
is  especially  annoying 
at  night,  the  patient 
being  unable   to  get 


"miner's"  or  "stud- 
ent's elbow." 


Bursa. 


deruess  may  be  elicited 
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when  adhesions  have  formed  and  the  shoulder  is  fixed,  it  may 
be  necessary  to  break  down  the  adhesions  under  an  anaesthetic. 

The  bursa  is  also  liable  to  infective  conditions,  such  as 
acute  rheumatism,  gonorrhoea,  suppuration,  or  tubercle.  In 
tuberculous  disease  a  large  fluctuating  swelling  may  form  and 
acquire  the  characters  of  a  cold  abscess  (Fig.  104). 

The  bursa  underneath  the  tendon  of  the  subscapularis  muscle 
when  inflamed  causes  alteration  in  the  attitude  of  the  shoulder 
and  impairment  of  its  movements. 

An  adventitious  bursa  forms  over  the  acromion  process  in 
porters  aud  others  who  carry  weights  on  the  shoulder,  and  may 
be  the  seat  of  traumatic  bursitis. 


Fig.  105.— Great  Enlargement  of  the  Ischial  Bursa. 
(Mr.  Scot-Skirving's  case.) 

The  bursa  under  the  radial  tendon  of  the  biceps,  when  the 
seat  of  disease,  is  attended  with  pain  and  swelling  at  the 
insertion  of  the  biceps  tendon  about  a  finger's-breadth  below 
the  bend  of  the  elbow ;  there  is  pain  and  difficulty  in  effect- 
ing the  combined  movement  of  flexion  and  supination,  slight 
limitation  of  extension,  and  restriction  of  pronation. 

In  the  lower  extremity,  a  large  number  of  normal  and 
adventitious  bursas  are  met  with.  That  over  the  tuUrosity  of 
the  iachium,  when  enlarged  as  a  trade  disease,  is  known  as 
"weaver's"  or  "tailor's  bottom."  It  may  form  a  fluctuating 
swelling  of  great  size,  projecting  on  the  buttock  and  extending 
down  the  thigh,  and  causing  great  inconvenience  in  sittino- 
(Fig.  10.5).  ° 

There  are  two  bursse  over  the  great  trochanter,  one  super- 
hcial  to,  the  other  beneath  the  aponeurosis  of  the  o-luteus 
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maximus  ;  the  latter  is  not  mfrequently  infected  by  tuberculous 
disease  spreading  from  the  trochanter. 

The  bursa  between  the  psoas  muscle  and  the  capsule  of  the 
Mp- joint  may  be  the  seat  of  tuberculous  disease,  and  give  rise 
to>  clinical  features  not  unlike  those  of  disease  of  the  joint. 
The  limb  is  flexed,  abducted  and  rotated  out,  there  is  a  distinct 
swelling  in  the  upper  part  of  Scarpa's  triangle,  but  the  move- 
ments are  not  restricted  in  directions  which  do  not  entail 
putting  the  ilio-psoas  muscle  on  the  stretch. 

The  bursa  beneath  the  quadriceps  extensor — suberural  bursa 


Fig.  106.— Bilateral  Hydrops  '    Fig.  107.— Enlarged  Serai- 

of  Suberural  Bursa.  membrauosus  Bursa. 

(Mr.  F.  M.  Caird's  case.) 


— usually  communicates  freely  with  the  knee-joint  and  shares 
in  its  diseases.  When  shut  off  from  the  knee  it  may  suflfer 
independently,  and  when  distended  with  fluid  forms  a  horse-shoe 
swelling  above  the  patella  (Fig.  106). 

In  front  of  the  patella  and  its  ligament  is  the  prepatellar 
bursa,  which  may  have  one,  two,  or  three  compartments, 
usually  communicating  with  one  another.  It  is  the  seat  of 
the  affection  known  as  housemaid's  knee  (Fig.  102).  _ 

The  bursa  between  the  ligainentum  patella}  and  the  tibia  is  very 
rarely  the  seat  of  independent  disease.    AVhen  it  is,  there  is 


BURSITIS 


431 


pain  and  tenderness  referred  to  the  ligament,  the  patient  is 
unable  to  extend  the  limb  completely,  the  tubercle  of  the 
tibia  is  apparently  enlarged,  and  there  is  a  fluctuating  swelling 
on  either  side  of  the  ligament,  most  marked  in  the  extended 
position  of  the  limb. 

Of  the  numerous  bursse  in  the  popliteal  sjjace,  that  between 
the  semi-memhranosus  and  the  inner  head  of  the  gastrocnemius 
is  most  frequently  the  seat  of  disease,  which  is  usually  of  the 
nature  of  a  simple  hydrops,  forming  a  fluctuating  egg-  or 
sausage-shaped  swelling  at  the  inner  side  of  the  popliteal 
space  (Fig.  107).    It  is  flaccid  in  the  flexed,  and  tense  in  the 


extended  position  of  the  limb.  As  a  rule  it  causes  little 
mconvenience,  and  may  be  left  alone.  Otherwise  it  should 
be  dissected  out,  and  if,  as  is  frequently  the  case,  there  is  a 
communication  with  the  knee-joint,  this  should  be  closed  with 
sutures. 

An  adventitious  bursa  may  form  over  the  external  malleolus, 
especially  in  tailors,  giving  rise  to  the  condition  known  as 
"tailor's  ankle"  (Fig.  108). 

The  bursa  hetiveen  the  tendo  Achillis  and  the  ttppar  jmrt  of 
the  OS  calcis  may  become  inflamed— especially  as  a  result  of 
post-scarletinal  rheumatism  or  gonorrhoea.  The  afiection  is 
known  as  AchiUo-bursitis.  There  is  severe  pain  in  the  rec^ion 
of  the  insertion  of  the  tendo  Achillis,  the  movements  at°the 
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ankle-joint  are  restricted,  and  the  patient  may  be  unable  to 
walk.  There  is  a  tender  swelling  on  either  side  of  the  tendon. 
When,  in  spite  of  palliative  treatment,  the  affection  persists  or 
relapses,  it  is  best  to  excise  the  bursa.  The  tendo  Achillis  is 
detached  from  the  os  calcis,  the  bursa  dissected  out,  and  the 
tendon  replaced.  If  there  is  a  bony  projection  from  the  os 
calcis,  as  sometimes  occurs,  it  should  be  shaved  off  with  the 
chisel. 

The  bursa  that  is  sometimes  met  with  on  the  under  aspect 
of  the  OS  calcis — the  subcalcanean  bursa — when  inflamed,  gives 
rise  to  marked  local  pain  and  tenderness  in  the  sole  of  the  foot. 
This  affection  may  be  associated  with  a  spinous  projection  from 
the  bone,  which  is  capable  of  being  recognised  in  a  skiagram. 
The  soft  parts  of  the  heel  are  turned  forwards  as  a  flap,  the 
bursa  is  dissected  out,  and  the  projection  of  bone,  if  present,  is 
removed. 

The  enlargement  of  adventitious  bursas  over  the  head  of  the 
first  metatarsal  in  hallux  valgus;  over  the  tarsus,  metatarsus, 
and  digits  in  the  different  forms  of  club-foot ;  over  the  angular 
projection  in  Pott's  disease  of  the  spine;  over  the  end  of  the 
bone  in  amputation  stumps,  and  over  hard  tumours  such  as 
chondroma  and  osteoma,  are  described  elsewhere. 


CHAPTER  XX 


INJUKIES  OF  BONES 

Contusions — Wounds— Fkactuees  :  Pathological;  Traumatic;  Varieties 
— Simple  fractures — ■Compound  fractures  —  Separation  of  Epi- 
physes— ^Eepair  of  fractures — Interference  with  repair. 

The  injuries  to  which  a  bone  is  liable  are  Contusions,  Open 
Wounds,  and  Fractures. 

Contusions  of  Bone  are  almost  of  necessity  associated  with 
similar  injuries  of  the  overlying  soft  parts.  The  mildest 
degree  consists  in  a  bruising  of  the  periosteum,  which  is  raised 
from  the  bone  by  an  effusion  of  blood,  constituting  a  hcematoriia 
of  the  periosteum.  This  may  be  rapidly  and  completely 
absorbed,  or  it  may  give  place  to  a  persistent  thickening  of  the 
bone — traumatic  node. 

For  the  first  few  days  the  limb  should  be  elevated  and 
fomented,  and  later,  massage  and  the  internal  administration 
of  potassium  iodide  favour  the  absorption  of  effusions  and 
nodes. 

Open  Wounds  of  Bone  of  the  incised  and  contused  varieties 
are  usually  produced  by  sabres,  axes,  butchers'  knives,  scythes, 
or  circular  saws.  Punctured  wounds  are  caused  by  bayonets' 
arrows,  or  other  pointed  instruments.  They  are  all  equivalent 
to  compound,  incomplete  fractures. 

Gun-shot  injuries  of  bone  have  already  been  described. 


FRACTURES 

A  fracture  may  be  defined  as  a  sudden  and  violent  solution 
m  the  continuity  of  a  bone. 


Pathological  or  Spontaneous  Fractures 

patliological  or  spontaneous  fracture  has  as  its  primary 
i  some  diseased  state  of  the  bone,  which  permits  of  its 
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giving  way  on  the  application  of  a  force  which  would  be 
quite  insufficient  to  break  a  healthy  bone,  and  which  merely 
hastens  its  complete  severance.  It  cannot  be  too  strongly 
emphasised  that  when  a  bone  is  found  to  have  been  broken  by 
a  slight  degree  of  violence,  the  presence  of  some  pathological 
condition  should  be  suspected,  and  a  careful  examination  made 
with  the  X-rays  and  by  other  means,  before  the  injury  is 
treated.  Many  cases  are  on  record  in  which  such  an  accident 
has  first  drawn  attention  to  the  presence  of  a  new  growth 
or  other  serious  lesion  in  the  bone.  The  following  con- 
ditions, which  will  be  more  fully  described  with  diseases 
of  bone,  may  be  mentioned  as  predisposing  to  pathological 
fractures. 

Atrophy  of  bone  may  proceed  to  such  an  extent  in  old  people, 
or  in  those  who  for  long  periods  have  been  bed-ridden,  that  the 
slightest  violence  suffices  to  determine  a  fracture.  This  most 
frequently  occurs  in  the  neck  of  the  femur  in  old  women,  the 
mere  catching  of  the  foot  in  the  bed-clothes  while  the  patient 
is  turning  in  bed  being  sometimes  sufficient  to  cause  the  break. 
Atrophy  from  the  pressure  of  an  aneurysm  or  of  a  simple 
tumour  may  erode  the  whole  thickness  of  a  bone,  or  may  thin 
it  out  to  such  an  extent  that  very  slight  force  is  sufficient  to 
break  it.  In  general  paralysis,  and  in  the  advanced  stages  of 
locomotor  ataxia  and  other  chronic  diseases  of  the  nervous 
system,  an  atrophy  of  all  the  bones  sometimes  takes  place,  and 
may  proceed  so  far  that  multiple  fractures  are  induced  by 
trifling  causes.  They  occur  most  frequently  in  the  ribs  or 
long  bones  of  the  limbs,  are  not  attended  with  pain,  and  usually 
unite  satisfactorily,  although  with  an  excessive  amount  of 
callus.  Attendants  and  nurses  must  be  warned  against  using 
force  in  handling  such  patients,  as  otherwise  they  may  be 
unfairly  blamed  for  causing  these  fractures. 

Among  diseases  which  affect  the  skeleton  as  a  whole  and 
render  the  bones  abnormally  fragile,  the  most  important  are 
rickets,  osteo-malacia,  and  fibrous  osteomyelitis.  In  these 
conditions  multiple  pathological  fractures  frequently  occur,  and 
they  are  prone  to  heal  with  considerable  deformity. 

Of  the  diseases  affecting  individual  bones  and  predisposing 
them  to  fracture  may  be  mentioned  suppurative  osteomyelitis, 
tuberculosis,  syphilitic  gummata,  and  various  foi-ms  of_  new- 
growth,  particularly  sarcoma  and  secondary  cancer.  It  is  not 
unusual  for  the  sudden  breaking  of  the  bone  to  be  the  first 
intimation  of  the  presence  of  a  new-growth. 

Intra-uferine  fractures  and  fractures  occurrnig  dunnrj  Urth 
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are  usually  associated  with  some  form  of  violence,  but  in  the 
majority  of  cases  the  foetus  is  the  subject  of  some  constitutional 
disease  which  renders  the  bones  unduly  fragile. 


Traumatic  fractures  are  usually  the  result  of  a  severe  force 
acting  from  without,  although  sometimes  they  are  produced  by 
muscular  contraction. 

When  the  bone  gives  way  at  the  point  of  impact  of  the 
force,  the  violence  is  said  to  be  direct,  and  a  "fracture  by 
compression  "  results,  the  line  of  fracture  being  as  a  rule  trans- 
verse. The  soft  parts  overlying  the  fracture  are  more  or  less 
damaged  according  to  the  weight  and  shape  of  the  impino-inc 
body.  Fracture  of  both  bones  of  the  leg  from  the  passage  of 
a  wheel  over  the  limb,  fracture  of  the  shaft  of  the  ulna  in 
warding  off  a  stroke  aimed  at  the  head,  and  fracture  of  a  rib 
from  a  kick,  are  illustrative  examples  of  fractures  by  direct 
violence. 

When  the  force  is  transmitted  to  the  seat  of  fracture  from  a 
distance,  the  violence  is  said  to  be  indirect,  and  the  bone  is 
broken  by  "torsion"  or  by  "bending."  In  such  cases  the 
bone  gives  way  at  its  weakest  point,  and  the  line  of  fracture 
tends  to  be  oblique.  Thus  both  bones  of  the  leg  are  frequently 
broken  by  a  person  jumping  from  a  height  and  landing  on  the 
|eet  the  tibia  breaking  in  its  lower  third,  and  the  fibula  at  a 
higher  level.  Fracture  of  the  clavicle  in  its  middle  third,  or  of 
the  radius  at  its  lower  end,  from  a  fall  on  the  outstretched 
band,  are  common  accidents  produced  by  indirect  violence 
Ihe  ribs  also  may  be  broken  by  indirect  violence,  as  when 
tbe  chest  is  crushed  antero-posteriorly  and  the  bones  ^ive 
way  near  their  angles.  In  fractures  by  indirect  violence 
rtf,  ^'^^sing  the 

fmgmen'ts  """"^        ''"^''"^^        displacement  of  the 

In  fractures  by  muscular  action  the  bone  is  broken  bv 
traction  '  or  "tearing."    The  sudden  and  violent  contrction 
iCr:^  "  T^-'"''  ^P^l^^^^^-^'  ^^^'^  -  the  head  of  the 

of  tt  'T™'         'P^"^'°-^'  the  coronoid  process 

01  the  ulna.;  or  a  bony  process  may  be  separated   is  fnv 
example  the  tuberosity  of  the  os  calcis%he  coil  oid  p^^^ 

b  nesT     "  'I'  rf''  t^^^^^^^^y  humeriS.  Lon. 

bones  also  may  be  broken  by  muscular  action.    The  clavtle 
has  snapped  across  during  the  act  of  swinging  a  sti^ll^ 
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humerus  in  throwing  a  stone,  and  the  femur  when  a  kick  has 
missed  its  object.  Fractures  of  ribs  have  occurred  during  fits 
of  coughing  and  in  the  violent  efforts  of  parturition. 

Before  conchiding  that  a  given  fracture  is  the  result  of 
muscular  action,  it  is  necessary  to  exclude  the  presence  of 
any  of  the  diseased  conditions  that  lead  to  pathological 
fracture. 

Although  the  force  acting  upon  the  bone  is  the  primary 
factor  in  the  production  of  fractures,  there  are  certain  subsidiary 
factors  to  be  considered.  Thus  the  age  of  the  patient  is  of 
importance.  During  infancy  and  early  childhood,  fractures  are 
less  common  than  at  any  other  period  of  life,  and  are  usually 
transverse,  incomplete,  and  of  the  nature  of  bends.  During 
adult  life,  especially  between  the  ages  of  thirty  and  forty,  the 
frequency  of  fractures  reaches  its  maximum.  In  aged  persons, 
although  the  bones  become  more  brittle  by  the  marrow  spaces 
in  their  interior  becoming  larger  and  filled  with  fat,  fractures 
are  less  frequent,  doubtless  because  the  old  are  less  exposed  to 
such  violence  as  is  likely  to  produce  fracture. 

Males,  from  the  nature  of  their  occupations  and  recreations, 
sustain  fractures  more  frequently  than  do  females;  in  old 
age,  however,  fractures  are  more  common  in  women  than  in 
men. 

Clinical  Varieties  of  Fractures. — The  most  important  sub- 
division of  fractures  is  that  into  simple  and  compound. 

In  a  simple  or  subcutaneous  fracture  there  is  no  communica- 
tion, directly  or  indirectly,  between  the  broken  ends  of  the 
bone  and  the  surface  of  the  skin.  In  a  compound  or  open 
fracture,  on  the  other  hand,  such  a  communication  exists,  and, 
by  furnishing  a  means  of  entrance  for  bacteria,  may  add  materi- 
ally to  the  gravity  of  the  injury. 

A  simple  fracture  may  be  complicated  by  the  existence  _ot  a 
Avound  of  the  soft  parts,  which,  however,  does  not  communicate 
with  the  broken  bone.  v  •  i 

Fractures,  whether  simple  or  compound,  fall  into  other  clmical 
"roups,  according  to  (1)  the  degree  of  damage  done  to  the  bone, 
(2)  the  direction  of  the  break,  and  (3)  the  relative  position  oi 

the  fragments.  ,  ^,  d 

(1)  Aecording  to  the  Degree  of  Damage  done  to  the  Bone.— 
A  fracture  may  be  incomplete,  for  example,  in  greemtick  frac- 
tures  which  occur  only  in  young  persons— usually  below  the 
a<^e  of  twelve— while  the  bones  are  still  .soft  and  flexible. 
They  result  from  forcible  bending  of  the  bone,  the  osseous 
tissue  on  the  convexity  of  the  curve  giving  way,  while  that  on 
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the  concavity  is  compressed.    The  clavicle  and  the  bones  of  the 
forearm  are  those  most  frequently  the  seat  of  greenstick  fracture 
(Fig.  160).  Fissures  occur  on  the  flat  bones  of  the  skull,  the  pelvic 
bones,    and    the  scapula; 
or  in  association  with  other 
fractures   in    long  bones 
(Fig.  Ill),  when  they  often 
run   into    joint   surfaces ; 
clinically  they  can  only  be 
recognised  when  compound. 
Depressions  or  indentations 
are  most  common  in  the 
bones  of  the  skull. 

The  bone  at  the  seat  of 
fracture  may  be  broken 
into  several  pieces,  con- 
stituting a  comminuted  frac- 
ture. This  usually  results 
from  severe  degrees  of  direct 
violence,  such  as  are  sus- 
tained  in  railway  or  ma- 
chinery accidents,  and  in 
gun-shot  injuries. 

Suh-periosteal  fractures 
are  those  in  which,  al- 
though the  bone  is  com- 
pletely broken  across,  the 
periosteum  remains  intact. 
These  are  especially  com- 
mon in  children,  and  as  the 
thick  periosteum  prevents 
displacement,  the  existence 
of  a  fracture  may  be  over- 
tiple  Fracture  of  looked,  even  in  such  a  large 

Tibia   and   Ob-   ■u^,,^  t 
lique  Fracture  of  ^"""^^       ^^^^  f^mur. 

A  bone  may  be  broken 
at  several  places,  constitut- 
ing a  multij^le  fracture 
(Fig.  109). 

Separation  of  hony  processes,  such  as  the  coracoid  process 
the  epicondyle  of  the  humerus,  or  the  tuberosity  of  the  os 
calcis,  may  result  from  muscular  action  or  from  direct  violence 
Reparation  of  epiphyses  will  be  considered  later. 

(2)  Accordinrj  to  the  Direction  of  the  Break.— Transverse 


1 


1  ri 


Fici.   109.  —  Mul- 


Fibula,  tlie  re- 
sult of  a  cable- 
car  accident. 


n 


Fid.  110. -Spiral  Frac- 
ture of  Humerus, 
caused  by  torsion 
of  the  upper  arm  in 
an  old  woman. 
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fractures  are  those  in  which  the  bone  gives  way  more  or  less 
exactly  at  right  angles  to  its  long  axis.  These  usually  result 
from  direct  violence  or 
from  end-to-end.  pressure. 
Longitudinal  fractures  ex- 
tending the  greater  part 
of  the  length  of  a  long 
bone  are  exceedingly  rare. 
Oblique  fractures  are 
common,  and  result  usu- 
ally from  indirect  violence, 
i'ini  ,t'':  f\        bending,  or  torsion  (Figs. 

Ill  and  112).  Sjjiral  frac- 
tures result  from  forcible 
torsion  of  a  long  bone, 
and  are  met  with  most  fre- 
quently in  the  tibia,  femur, 
and  humerus  (Fig.  110). 

(3)  According  to  the 
Relative  Position  of  the 
Fragments. — The  bone 
may  be  completely  broken 
across,  yet  its  ends  remain 
in  apposition,  in  which 
case  there  is  said  to  be  no 
displacement.  There  may 
be  an  angular  displa'ce- 
ment — for  example,  in 
greenstick  fracture.  In 
transverse  fractures  of  the 
patella  or  of  the  olecranon 
there  is  often  distraction 
or  pulling  apart  of  the 


Fig.  111.  —  Oblique 
Fracture  of  Upper 
Third  of  Tibia  with 
Fissuring  of  Lower 
Fragment.  Limb 
run  over  by  a  rail- 
way waggon. 


Fig.  112.— Showing 
(1)  Oblique  Frac- 
ture of  Tibia  ;  (2) 
Oblique  Fracture 
with  partialSepara- 
tiou  of  Epiphysis  of 
Upper  End  of  Fi- 
bula ;  (3)  Incom- 
plete Fracture  of 
Fibula  in  Upper 
Third.  Result  of 
railway  accident. 
Boy  xt.  16. 


fragments  (Fig.  151).  The 
broken  ends,  especially  in 
oblique  fractures,  may 
override  one  another,  and 
so  give  rise  to  shortening 
of  the  limb.  Where  one 
fragment  is  acted  upon  by  powerful  muscles,  a  rotatory  displace- 
ment may  take  place,  as  in  fracture  of  the  radius  above  the 
insertion  of  the  pronator  radii  teres,  or  of  the  femur  just  below 
the  small  trochanter.  The  fragments  may  be  depressed,  as  in 
the  flat  bones  of  the  skull  or  the  nasal'  bones.    At  the  can- 
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cellated  ends  of  long  bones,  particularly  the  upper  end  of  the 
femur  and  humerus,  and  the  lower  end  of  the  radius,  it  is  not 
uncommon  for  one  fragment  to  be  impacted  or  wedged  into 
the  substance  of  the  other  (Fig.  138). 

Causes  of  Displacement.— factors  which  influence  displace- 
ment are  chiefly  mechanical  in  their  action.  Thus  the  direction 
and  nature  of  the  fracture  play  an  important  part.  Transverse 
fractures  with  roughly  serrated  ends  are  less  liable  to  displace- 
ment than  those  which  are  oblique  with  smooth  surfaces. 
The  direction  of  the  causative  force  also  is  a  dominant  factor 
in  determining  the  direction  in  which  one  or  both  of  the 
fragments  will  be  displaced.  Gi'avity,  acting  chiefly  upon 
the  distal  fragment,  also  plays  a  part  in  determining  the  dis- 
placement, for  example,  in  fractures  of  the  thigh  or  of  the 
bones  of  the  leg,  where  the  lower  segment  of  the  limb  rolls 
outwards,  and  in  fractures  of  the  shaft  of  the  clavicle,  where 
the  weight  of  the  arm  carries  the  shoulder  downwards, 
forwards,  and  inwards.  After  the  break  has  taken  place  and 
the  force  has  ceased  to  act,  displacement  may  be  produced  by 
rough  handling  on  the  part  of  those  who  render  first  aid,  the 
careless  or  improper  application  of  splints  or  bandages,  or  by 
the  weight  of  the  bed-clothes. 

In  certain  situations  the  contraction  of  unopposed,  or  of 
unequally  opposed,  groups  of  muscles  plays  a  part  in  deter- 
mining displacement.  For  example,  in  fracture  immediately 
below  the  lesser  trochanter  of  the  femur,  the  ilio-psoas  tends 
to  tilt  the  upper  fragment  forward  and  outward]  in  supra- 
condylar fracture  of  the  femur,  the  muscles  of  the  calf  pull  the 
lower  fragment  back  towards  the  popliteal  space ;  and  in 
fracture  of  the  humerus  above  the  deltoid  insertion,  the 
muscles  inserted  into  the  bicipital  groove  adduct  the  upper 
fragment. 

Clinical.  Features  of  Simple  Fractures. — In  the  first  place, 
the  history  of  the  accident  should  be  investigated,  attention 
being  paid  to  the  nature  of  the  violence — whether  a  blow,  a 
twist,  a  wrench,  or  a  crush,  and  whether  the  violence  Avas 
directly  or  indirectly  applied.  The  degree  of  the  violence  may 
often  be  judged  approximately  from  the  instrument  inflicting 
it — whether,  for  example,  a  fist,  a  stick,  a  cart  wheel,  or  a 
piece  of  heavy  machinery.  The  position  of  the  limb  at  the 
time  of  the  injury ;  whether  the  muscles  were  braced  to  meet 
the  blow  or  were  lax  and  taken  unawares ;  and  the  patient's 
sensations  at  the  moment,  such  as  his  feeling  something  snap  or 
tear,  may  all  furnish  information  useful  for  purposes  of  diagnosis. 
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Signs  of  Fracture. — The  most  characteristic  signs  of  fracture 
are  unnatural  mobility,  deformity,  and  crepitus. 

Unnatural  mohility — that  is,  movement  between  two  segments 
of  a  limb  at  a  place  where  movement  does  not  normally  occur 
— may  be  evident  when  the  patient  makes  attempts  to  use  his 
limb,  or  may  only  be  elicited  when  the  fragments  are  seized 
and  moved  in  opposite  directions.  Deformity,  or  the  part 
being  "  out  of  drawing "  in  comparison  with  the  normal  side, 
varies  with  the  site  and  direction  of  the  break,  and  depends 
upon  the  degree  of  displacement  of  the  fragments'.  Crepitus 
is  the  name  applied  to  the  peculiar  grating  or  clicking  which 
may  be  heard  or  felt  when  the  fractured  surfaces  are  rubbed 
against  one  another. 

The  presence  of  these  three  signs  in  association  is  sufficient 
to  prove  the  existence  of  a  fracture,  but  the  absence  of  one  or 
more  of  them  does  not  negative  this  diagnosis.  There  are 
certain  fallacies  to  be  guarded  against.  For  example,  a  fracture 
may  exist,  and  yet  unnatural  mobility  may  not  be  present 
because  the  bones  are  impacted  into  one  another,  or  because  the 
fracture  is  an  incomplete  one.  Again,  the  extreme  tension  of 
the  swollen  soft  tissues  overlying  the  fracture  may  prevent  the 
recognition  of  movement  between  the  fragments.  Deformity 
also  may  be  absent — as,  for  instance,  when  there  is  no  displace- 
ment of  the  fragments,  or  when  only  one  of  two  parallel  bones 
is  broken,  as  in  the  leg  or  forearm.  Similarly,  crepitus  may 
be  absent  when  impaction  exists,  when  the  fragments  com- 
pletely override  one  another,  or  are  separated  by  an  interval, 
or  when  soft  tissues,  such  as  torn  periosteum  or  muscle,  are 
interposed  between  them.  A  sensation  simulating  crepitus 
may  be  felt  on  palpating  a  part  into  which  blood  has  been 
extravasated,  or  which  is  the  seat  of  subcutaneous  emphysema. 
The  creaking  which  accompanies  movement  in  certain  forms 
of  teno-synovitis  and  chronic  joint  disease,  and  the  rubbing  of 
the  dislocated  end  of  a  bone  against  the  tissues  amongst  which 
it  lies,  may  also  be  mistaken  for  the  crepitus  of  fracture. 

It  is  not  advisable  to  be  very  diligent  in  eliciting  these  signs, 
partly  because  of  the  pain  caused  by  the  manipulations,  and 
partly  because  vigorous  handling  may  do  harm  by  undoing 
impaction,  or  by  producing  displacement  which  does  not  already 
exist,  or  by  converting  a  simple  into  a  compound  fracture. 

It  is  often  necessary  for  purpo.ses  of  diagnosis  to  administer 
a  general  anissthetic,  particularly  in  injuries  of  deeply  placed 
bones  and  in  the  vicinity  of  joints.  Before  doing  so,  the 
appliances  necessary  for  the  treatment  of  the  injury  should  be 
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made  ready,  in  order  that  the  fracture  may  be  reduced  and  set 
before  the  patient  regains  consciousness. 

Radiography  in  the  Diagnosis  of  Fractures. — While  radio- 
graphy is  of  inestimable  value  in  the  diagnosis  of  many  frac- 
tures and  other  injuries,  particularly  in  the  vicinity  of  joints, 
the  student  is  warned  against  relying  too  implicitly  on  the 
evidence  it  seems  to  afford. 

A  radiogram  is  not  a  photograph  of  the  object  exposed  to 
the  X-rays,  but  merely  a  picture  of  its  shadow.  As  the  rays 
emanate  from  a  single  point  in  the  vacuum  tube,  and  as  they 
are  not,  like  the  sun's  rays,  approximately  parallel,  the  shadows 
they  cast  are  necessarily  distorted.  Hence,  in  interpreting  a 
radiogram,  it  is  necessary  to  know  the  relative  positions  of  the 
point  from  which  the  rays  proceed,  the  object  exposed,  and 
the  photographic  plate  on  which  the  shadow  is  registered.  The 
least  distortion  takes  place  when  the  object  is  in  contact  with 
the  plate,  and  the  shadow  of  that  part  of  the  object  which  lies 
perpendicularly  under  the  light  is  less  distorted  than  that  of 
the  parts  lying  outside  the  perpendicular.  The  light  and  the 
plate  remaining  constant,  the  amount  of  distortion  varies 
directly  with  the  distance  between  the  object  and  the  plate. 

To  ensure  accuracy  in  the  diagnosis  of  fracture  by  the  X-rays, 
it  is  often  necessary  to  take  two  views  of  the  limb — one  in  the 
sagittal  and  the  other  in  the  coronal  plane.  By  the  use  of  the 
fluorescent  screen,  the  best  positions  from  which  to  obtain  a 
clear  impression  of  the  fracture  may  be  determined  before  the 
radiograms  are  taken. 

Imperfect  technique  and  faulty  interpretation  of  the  pictures 
obtained  lead  to  certain  fallacies.  In  young  subjects,  for  ex- 
ample, epiphysial  lines  may  be  mistaken  for  fractures,  or  the 
ossifying  centres  of  epiphyses  for  separated  fragments  of  bone. 
The  OS  trigonum  tarsi  has  been  mistaken  for  a  fracture  of  the 
astragalus.  In  the  vicinity  of  joints  the  bones  may  be  crossed 
by  pale  bands,  due  to  the  rays  traversing  the  cavity  of  the 
joint.  In  this  way  fracture  of  the  olecranon  or  of  the  clavicle 
may  be  simulated.  The  neck  of  the  femur  may  appear  to  be 
fractured  if  a  foreshortened  view  is  taken. 

It  is  possible,  on  the  other  hand,  to  overlook  a  fracture — for 
example,  if  there  is  no  displacement,  or  if  the  line  of  fracture  is 
crossed  by  the  shadow  of  an  adjacent  bone.  In  deeply  placed 
bones  such  as  those  about  the  hip,  or  in  bones  related  to  dense, 
solid  viscera — for  example,  ribs,  sternum,  or  vertebrae — it  is 
sometimes  difficult  to  obtain  conclusive  evidence  of  fracture  in 
a  radiogram. 
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It  is  to  be  borne  in  mind  also,  and  especially  from  the  medico- 
legal point  of  view,  that,  as  early  callus  does  not  cast  a  shadow 
in  a  radiogram,  the  appearance  of  fracture  may  persist  long  after 
union  has  taken  place.  The  disturbed  perspective  produced  by 
divergence  of  the  rays  may  cause  the  fragments  of  a  united 
fracture  to  appear  displaced,  although  in  reality  they  are  in  good 
position.  If  the  limb  and  the  plate  are  not  parallel,  the  bones 
may  appear  to  be  distorted,  and  errors  in  diagnosis  may  in  this 
way  arise.  In  this  relation  it  should  be  mentioned,  that 
perfect  apposition  of  the  fragments  and  anatomically  accurate 
restoration  of  the  outline  of  the  bones  are  not  essential  to  a 
good  functional  result. 

As  most  of  the  remaining  signs  are  common  to  all  the  lesions 
from  which  fractures  have  to  be  distinguished,  their  diagnostic 
value  must  be  carefully  weighed. 

Interference  ivith  Function. — As  a  rule,  a  broken  bone  is  in- 
capable of  performing  its  normal  function  as  a  lever  or  weight- 
bearer  ;  but  when  a  fracture  is  incomplete,  when  the  fragments 
are  impacted,  or  when  only  one  of  two  parallel  boues  is  broken, 
this  does  not  necessarily  follow.  It  is  no  uncommon  experience 
to  find  a  patient  walk  into  hospital  with  an  impacted  fracture 
of  the  neck  of  the  femur  or  a  complete  fracture  of  the  fibula ; 
or  to  be  able  to  pronate  and  supinate  the  forearm  with  a 
greenstick  fracture  of  the  radius  or  a  complete  fracture  of  the 
ulna. 

Fain. — Three  forms  of  pain  may  be  present  in  fractures : 
pain  independent  of  movement  or  pressure ;  pain  induced  by 
movement  of  the  limb ;  and  pain '  elicited  on  pressure  or 
"  tenderness."  In  injuries  by  direct  violence,  pain  independent 
of  movement  and  pressure  is  never  diagnostic  of  fracture,  as  it 
may  be  due  to  bruising  or  tearing  of  soft  tissues.  In  injuries 
resulting  from  indirect  violence,  however,  pain  localised  to  a 
spot  at  some  distance  from  the  point  of  impact  is  strongly 
suggestive  of  fracture — as,  for  example,  when  a  patient  com- 
plains of  pain  over  the  clavicle  after  a  fall  on  the  hand,  or  over 
the  upper  end  of  the  fibula  after  a  twist  of  the  ankle.  Pain 
elicited  by  attempts  to  move  the  damaged  part,  or  by  apply- 
ing pressure  over  the  seat  of  injury,  is  more  significant  of 
fracture.  Pain  elicited  at  a  particular  point  on  pressing  the 
bone  at  a  distance,  "  pain  on  distal  pressure," — for  example, 
pain  at  the  lower  end  of  the  fibula  on  pressing  near  its  neck,  or 
at  the  angle  of  a  rib  on  pressing  near  the  sternum — is  a  valuable 
diagnostic  sign  of  fracture.    When  nerve-trunks  are  implicated 
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in  the  vicinity  of  a  fracture,  pain  is  often  referred  along  the 
course  of  their  distribution. 

Localised  sioelUng  comes  on  rapidly,  and  is  due  to  displace- 
ment of  the  fragments  and  effusion  of  blood. 

Discoloration  accompanies  the  swelling,  and  is  often  wide- 
spread, especially  in  bones  near  the  surface  and  when  the 
tension  is  great.  It  is  not  uncommon  to  find  over  the 
ecchymosed  era,  especially  over  the  shin-bone,  large  dark  blebs 
containing  blood-stained  serum.  In  fractures  of  deep-seated 
boneSj  discoloration  may  only  show  on  the  surface  after  some 
days,  and  at  some  distance  from  the  break. 

Alterations  in  the  relative  position  of  hony  landmarks  are 
valuable  diagnostic  guides.  Alteration  in  the  length  of  the 
limb,  usually  in  the  direction  of  shortening,  is  also  an  important 
sign.  Before  drawing  deductions,  care  must  be  taken  to  palace 
both  limbs  in  the  same  position  and  to  determine  accurately 
the  fixed  points  for  measurement,  and  also  to  ascertain  if  the 
limbs  were  previously  normal. 

Shock  is  seldom  a  prominent  symptom  in  uncomplicated 
fractures,  although  in  old  and  enfeebled  patients  it  may  be 
serious  and  even  fatal.  During  the  first  two  or  three  days  after 
a  fracture  there  is  almost  invariably  some  degree  of  traumatic 
fever,  indicated  by  a  rise  of  temperature  to  99°  or  100°  F. 
(Fig.  12). 

Complications. — Injuries  to  large  arteries  are  not  common 
in  simple  fractures.  The  femoral,  popliteal,  and  tibial  arteries, 
however,  are  liable  to  be  compressed,  punctured,  or  torn  across 
in  fractures  of  the  bones  with  which  they  lie  in  close  contact. 
Thrombosis,  aneurysm,  or  gangrene  of  the  limb  may  follow  such 
injuries.  If  large  veins  are  injured,  thrombosis  may  occur,  and 
be  followed  by  pulmonary  embolism. 

Injtiries  to  nerve-trunks  are  comparatively  common,  especially 
in  fractures  of  the  upper  arm,  where  the  musculo-spiral,  ulnar, 
or  other  branches  of  the  brachial  plexus  are  liable  to  suffer. 

The  nerves  may  be  implicated  at  the  time  of  the  injury, 
being  compressed,  bruised,  lacerated,  or  completely  torn  across 
by  broken  fragments,  or  they  may  be  involved  later  by  becoming 
compressed  by  callus.  The  symptoms  depend  ujion  the  degree 
of  damage  sustained  by  the  nerve,  and  vary  from  partial  and 
te'mporary  interference  with  sensation  and  motion  to  complete 
and  permanent  abrogation  of  function. 

_  Suppuration  and  necrosis  are  exceedingly  rare  sequcte  of 
simple  fractures.  Fat  embolism  sometimes  occurs,  and  fat 
globules  are  found  in  the  urine.    In  persons  addicted  to  alcohol, 
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delirium  tremens  is  a  not  infrequent  accompaniment  of  fractures 
which  confine  them  to  bed. 

Prognosis  in  Simple  Fractures.— Danger  to  Hfe  in  simple 
fractures  depends  chiefly  on  the  occurrence  of  complications. 
In  old  people,  when  the  injury  necessitates  long  and  continuous 
lying  on  the  hack,  bronchitis,  hypostatic  pneumonia,  and  bed- 
sores are  prone  to  occur.  Gradually  increasing  debility  and 
mental  deterioration  also  cause  anxiety  in  these  cases.  Frac- 
tures comjDlicated  with  injury  to  internal  organs,  and  frac- 
tures in  which  gangrene  threatens,  are,  of  course,  of  grave 
import. 

The  prognosis  as  regards  the  function  of  the  limb  should 
always  be  guarded,  even  in  simple  fractures.  Incidental  com- 
plications are  liable  to  arise,  delaying  recovery  and  preventing 
a  satisfactory  result,  and  these  not  only  lead  to  disappointment, 
but  may  even  form  a  ground  for  actions  for  malpraxis. 

The  character,  direction,  and  extent  of  the  fracture  influence 
the  prognosis,  the  best  results  usually  following  single  and 
transverse  breaks,  while  those  which  are  multiple,  conuninuted, 
or  oblique  luiite  less  rapidly  and  less  satisfactorily. 

Fibrous  union  is  a  comman  result  in  fractures  of  the  neck  of 
the  femur  in  old  people  and  in  certain  other  fractui'es,  such  as 
fracture  of  the  patella,  of  the  olecranon,  coronoid  and  coracoid 
processes,  and  although  this  does  not  necessarily  involve  any 
serious  interference  with  function,  the  patient  should  always  be 
warned  of  the  possibility. 

Impahment  of  growth  and  eventual  shortening  of  the  limb 
may  result  from  involvement  of  an  epiphysial  junction 
(Fig.  142). 

Stiffness  of  joints  is  liable  to  follow  fractures  implicating 
articular  surfaces,  or  it  may  result  from  chronic  arthritic 
changes  following  upon  the  injury. 

Osseous  ankylosis  is  not  a  common  sequel  of  simple  fractures, 
but  locking  of  joints  from  the  mechanical  impediment  pro- 
duced by  the  union  of  imperfectly  reduced  fragments,  or  from 
masses  of  callus,  is  not  uncommon,  especially  in  the  region  of 
the  elbow. 

Wasting  of  the  muscles  and  oedema  of  the  limb  often  delay 
the  complete  restoration  of  function.  Delayed  union,  want 
of  union,  and  the  formation  of  false-joints  will  be  referred  to 
later. 

Treatment. — The  treatment  of  a  fracture  should  be  com- 
menced as  soon  after  the  accident  as  possible,  before  the 
muscles  become  contracted  and  hold  the  fragments  in  abnormal 
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positions,  and  before  blood  and  serum  are  effused  into  the 
tissues  and  adhesions  form. 

Every  care  must  be  taken  during  tlie  transport  of  the  patient 
that  no  further  damage  is  done  to  the  injured  limb.  To  this 
end  the  part  must  be  secured  in  the  best  form  of  extemporised 
splint  that  the  ingenuity  of  the  surgeon  and  the  surroundings 
of  the  patient  can  furnish,  the  apparatus  being  so  designed  as 
to  control  not  only  the  broken  fragments,  but  also  the  joints 
above  and  below  the  fracture. 

When  the  ordinary  method  of  removing  the  clothes  involves 
any  risk  of  unduly  moving  the  injured  part,  they  should  be  slit 
open  along  the  seams. 

The  patient  should  be  placed  on  a  firm  straw,  horse-hair,  or 
spring  mattress,  stiffened  in  the  case  of  fractures  of  the  spine, 
pelvis,  or  lower  limbs,  by  strong  wooden  fracture-boards  inserted 
between  the  mattress  and  the  frame  of  the  bed.  Special  mat- 
tresses constructed  in  fom-  pieces,  to  facilitate  the  nursing  of  the 
patient,  are  sometimes  used.    Feather  beds  are  to  be  avoided. 

In  many  cases,  particularly  in  very  muscular  subjects,  in 
restless  alcoholic  patients,  and  in  those  who  do  not  bear  pain 
well,  a  general  ansesthetic  is  a  valuable  aid  to  the  rapid  and 
accurate  setting  of  a  fracture,  as  well  as  a  means  of  rendering 
the  diagnosis  more  certain. 

The  procedure  popularly  known  as  "  setting  a  fracture  "  con- 
sists in  restoring  the  displaced  parts  to  their  normal  position  as 
nearly  as  possible,  and  is  spoken  of  technically  as  the  reduction 
of  the  fracture. 

The  Reduction  of  the  Fracture. — In  some  cases  the  displace- 
ment may  be  completely  overcome  by  relaxing  the  muscles 
acting  upon  the  fragments.  In  most  cases,  however,  it  is 
necessary,  after  relaxing  the  muscles,  to  employ  extension,  by 
making  forcible  but  steady  traction  on  the  distal  fragment, 
while  counter-extension  is  exerted  on  the  proximal  one,  either 
by  an  assistant  pulling  upon  that  portion  of  the  limb,  or  by 
the  weight  of  the  patient's  body.  The  fragments  having  been 
freed,  and  any  shortening  of  the  limb  corrected  in  this  way, 
the  broken  ends  are  moulded  into  position — a  process  termed 
coaiptation. 

The  reduction  of  a  recent  greenstick  fracture  consists  in 
forcibly  straightening  the  bend  in  the  bone,  and  in  some  cases 
it  is  necessary  to  render  the  fracture  complete  before  this  can 
be  accomplished. 

In  certain  discs  of  impacted  fracture  which  will  be  specified 
later,  it  is  not  advisable  to  undo  the  impaction. 
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In  selecting  a  means  of  retaining  a  fracture  in  position  after 
its  reduction,  the  various  factors  which  tend  to  bring  about 
re-displacement  must  be  taken  into  consideration,  and  appro- 
priate measures  adopted  to  counteract  each  of  these.  Thus  it 
may  be  that  the  fragments,  being  oblique,  tend  to  glide  past 
one  another;  that  powerful  muscles  inserted  into  one  of  the 
fragruents  pull  it  away  from  its  neighbour ;  that  the  weight  of 
the  distal  portion  of  the  limb  causes  it  to  fall  in  a  particular 
direction  in  obedience  to  gravity;  or  that  certain  movements 
on  the  part  of  the  patient  determine  displacement. 

In  addition  to  retaining  the  broken  ends  of  the  bone  in 
apposition,  the  after-treatment  of  a  fracture  involves  the  taking 
of  steps  to  promote  the  absorption  of  effused  blood  and  serum, 
to  maintain  the  circulation  through  the  injured  parts,  and  to 
favour  the  repair  of  damaged  muscles  and  other  soft  tissiies. 
Means  must  also  be  taken  to  maintain  the  functional  activity 
of  the  muscles  of  the  damaged  area,  to  prevent  the  formation 
of  adhesions  in  joints  and  tendon  sheaths,  and  generally  to 
restore  the  function  of  the  injured  part. 

Practical  Means  of  Effecting  Retention — By  Position. — It  is^ 
often  found  that  only  in  one  particular  position  can  the  frag- 
ments be  made  to  meet  and  remain  in  apposition — for  example, 
the  completely  supine  position  of  the  forearm  in  fracture  of 
the  radius  just  above  the  insertion  of  the  pronator  radii  teres. 
Again,  in  certain  cases  it  is  only  by  relaxing  particular  groups 
of  muscles  that  the  displacement  can  be  undone — as,  for 
instance,  in  fracture  of  the  bones  of  the  leg,  or  of  the  femur 
immediately  above  the  condyles,  where  flexion  of  the  knee,  by 
relaxing  the  calf  muscles,  permits  of  reduction. 

Massage  and  Movement  in  the  Treatment  of  Fractures. — 
Until  within  recent  years,  fractures  were  invariably  treated  by 
complete  immobilisation  of  the  injured  limb  in  a  splint  or 
other  form  of  rigid  apparatus,  until  firm  osseous  union  had 
taken  place.  The  result  of  the  prolonged  fixation  of  the  limb 
was  that  in  many  cases  the  muscles  underwent  atrophy, 
adhesions  formed  in  joints  and  tendon  sheaths,  the  restoration 
of  function  was  much  delayed,  and  in  some  cases  permanent 
stifi"ness  resulted. 

Lucas-Championnik-e,  in  1886,  was  the  first  to  point  out 
that  a  slight  degree  of  movement  between  the  ends  of  a 
fractured  bone  favours  their  union  by  promoting  the  formation 
of  callus,  and  to  advocate  the  treatment  of  fractures  by  massage 
and  movement,  and  the  discarding  of  splints  and  other  re- 
tentive appliances. 
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In  the  majority  of  cases  the  massage  and  movement  are 
commenced  at  once,  but  circumstances  may  necessitate  its  being 
deferred  for  a  few  days.  The  measures  adopted  vary  according 
to  the  seat  and  nature  of  the  fracture,  but  in  general  terms  it 
may  be  stated  that  after  the  fracture  has  been  reduced,  the 
ends  of  the  broken  bone  are  retained  in  position  by  the  hands 
of  an  assistant,  and  gentle  massage  is  applied  by  the  surgeon 
or  by  a  trained  masseur.  The  lubricant  may  either  be  a 
powder  composed  of  equal  parts  of  talc  and  boracic  acid,  or 
an  oily  substance  such  as  olive  oil  or  lanolin.  The  rubbing 
should  never  cause  pain,  but,  on  the  contrary,  should  relieve 
any  pain  that  exists,  as  well  as  the  muscular  spasm  which  is 
one  of  the  most  important  causes  of  pain  in  recent  fractures. 
The  parts  on  the  proximal  side  of  the  injured  area  are  first 
gently  stroked  upwards  to  empty  the  veins  and  lymphatics, 
and  to  disperse  the  effused  blood  and  serum.  The  process  is 
then  applied  to  the  swollen  area,  and  gradually  extended  down 
over  the  seat  of  the  fracture  and  into  the  parts  beyond.  In 
this  way  the  circulation  through  the  damaged  segment  of  the 
limb  is  improved,  the  veins  are  emptied  of  blood,  the  removal 
of  effused  fluid  is  stimulated,  and  the  muscular  irritability 
allayed.  The  joints  of  the  limb  are  gently  moved,  and  the 
patient  is  encouraged  to  contract  the  muscles  voluntarily,  care 
being  taken  all  the  while  that  the  broken  ends  of  the  bone 
are  not  displaced.  After  the  rubbing  has  been  continued  for 
from  fifteen  to  twenty  minutes,  the  limb  is  placed  in  a  com- 
fortable position,  and  retained  there  by  pillows,  sand-bags,  or, 
if  found  more  convenient,  by  a  light  form  of  splint. 

The  massage  is  repeated  once  each  day ;  the  sittings  last  from 
ten  to  fifteen  minutes.  The  sequence  should  be,  first,  massage ; 
second,  passive  movement;  and  third,  active  movement.  At 
first  massage  predominates,  and  more  passive  than  active 
movement ;  gradually  massage  is  lessened  and  movements  are 
increased,  active  movements  ultimately  preponderating. 

The  value  of  this  procedure  is  greatest  in  fractures  in  the 
vicinity  of  joints,  particularly  the  elbow,  ankle,  wrist,  and 
knee.  Not  only  is  pain  diminished,  the  formation  of  bony 
callus  promoted  and  union  thereby  hastened,  but  the  prolonged 
crippling  stiffness  which  so  often  follows  immobilisation^  in 
splints  is  avoided.  The  risk  of  redisplacement  of  fragments 
IS  only  to  be  feared  in  oblique  fractures  in  the  shafts  of  long 
bones,  such  as  the  humerus,  femur,  or  bones  of  the  leg;  but 
even  in  these  situations,  by  keeping  on  the  extension  and 
carefully  fixing  the  broken  ends  while  the  massage  and  move- 
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ments  are  being  carried  on,  any  such  ill-effects  can  usually  be 
obviated.  Want  of  union,  so  far  from  being  a  risk  attending 
this  method  of  treatment,  is  less  liable  to  occur,  if  ordinary 
precautions  are  taken,  than  when  the  limb  is  immobilised 
throughout  the  treatment. 

Splints  and  other  Appliances. — The  less  complicated  and  specialised 
splints  are,  the  better.  The  appropriate  splints  for  individual  fractures 
and  the  method  of  applying  them  will  be  described  later  ;  but  it  may  here . 
be  said  that  the  general  principle  is  that  when  dealing  with  a  part  where 
there  is  a  single  bone,  as  the  thigh  or  upper  arm,  the  splint  should  be 
applied  in  the  form  of  &  ferrule  to  surround  the  break  ;  while  in  situations 
where  there  are  two  parallel  bones,  as  in  the  forearm  and  leg,  the  splint 

should  take  the  form 
of  a  60a;  (Fig.  113). 

Sin^ple  wooden 
splints  of  plain  deal 
board  or  yellow  pine, 
sawn  to  the  appropri- 
ate length  and  width  ; 
or  Gooch's  sj)linting, 
which  consists  of  long 
strips  of  soft  wood, 
glued  to  a  backing  of 
wash-leather,  are  the 
most  useful  materials. 
Gooch's  splinting  has 
the  special  advantage 
that  when  applied 
with  the  leather  side 
next  the  limb  it  en- 
circles the  part  as  a 
ferrule ;  while  it  re- 
mains rigid  when  the 
wooden  side  is  turned 
lead  or  tin,  stift'  wire 


Fig.  113. — Gooch  Splint  applied  as  a  "Ferrule"  on 
Eight  Upper  Arm,  as  a  "  Box  "  on  Left  Forearm. 


towards  the  skin  (Fig.  113).     Perforated  sheet 
netting,  and  hoop  iron  also  form  useful  splints. 

When  it  is  desirable  that  the  splint  should  take  the  shape  of  the  part 
accurately,  a  plastic  material  may  be  employed.  Perhaps  the  most 
convenient  is  poroplaslic  felt,  which  consists  of  strong  felt  saturated  with 
resin.  When  heated  before  a  fire  or  placed  in  boiling  water,  it  becomes 
quite  plastic  and  may  be  accurately  moulded  to  any  part,  and  on  coolin" 
it  again  becomes  rigid.  The  splint  should  be  cut  from  a  carefully  fitted 
paper  pattern.  Millboard,  leather,  or  gutta-percha  softened  in  hot  water, 
and  moulded  to  the  part,  may  also  be  employed. 

In  conditions  where  treatment  by  massage  and  movement  is  im- 
practicable, and  where  movable  splints  are  inconvenient,  splints  of 
plaster  of  Paris,  starch,  or  water-glass  are  sometimes  used,  especially  in 
the  treatment  of  fractures  of  the  leg.  When  employed  in  the  form  of 
an  immovable  case,  they  are  open  to  certain  objections — for  example,  if 
applied  immediately  after  the  accident  they  are  apt  to  become  too  tight 
if  swelling  occurs  ;  and  if  applied  while  swelling  is  still  present,  they 
become  slack  when  this  subsides,  so  that  displacment  is  liable  to  occur. 

When  it  is  desired  to  enclose  the  limb  in  a  plaster  case,  coarse  muslin 
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bandages,  three  yards  long,  and  charged  with  the  finest  quality  of 
thoroughly  dried  plaster  of  Paris,  are  employed.  The  "acetic  plaster 
bandages  "  sold  in  the  shops  set  most  quickly  and  firmly.  A  boracic  lint 
bandage  is  evenly  applied  next  the  skin,  and  the  bony  prominences  are 
specially  padded.  The  plaster  bandage  is  then  placed  in  cold  water  till 
air  bubbles  cease  to  escape,  by  which  time  it  is  thoroughly  saturated,  and, 
after  the  excess  of  water  is  squeezed  out,  is  applied  in  the  usual  way  from 
below  upward.  From  two  to  four  plies  of  the  bandage  are  required.  In 
the  course  of  half  an  hour  the  plaster  should  be  thoroughly  set.  To 
■  facilitate  the  removal  of  a  plaster  case  the  limb  should  be  immersed  for  a 
short  time  in  tepid  water. 

CrofVs  splint,  or  some  modification  of  it,  is  perhaps  the  best  form  of 
movable  plaster  splint.  It  is  made  by  accurately  shaping  tivo  pieces  of 
thoroughly  shrunk  house-flannel  to  each  side  of  the  limb,  and  immersin<^ 
one  of  each  pair  in  a  solution  of  plaster  of  Paris  of  the  consistence  of  thin 
cream  till  the  flannel  is  thoroughly  impregnated.  The  dry  pieces  are 
placed  next  the  skin,  with  the  saturated  pieces  over  them,  and  a  coarse 
gauze  bandage  is  then  apjilied  to  fix  them  in  position.  After  the  plaster 
has  set,  and  it  is  desired  to  remove  the  splint  for  the  purpose  of  employincr 
massage,  the  gauze  bandage  is  cut  along  the  front  of  the  limb,  and  the 
sphnt  opened  out  on  the  hinge  formed  by  the  posterior  turns  of  the 
bandage. 

A  most  convenient  and  efficient  si^lint  is  made  by  moulding  two  pieces 
of  poroplastic  felt  to  the  sides  of  the  limb,  and  fixing  them  in  position 
with  an  elastic  webbing  bandage. 

Padding  is  an  essential  adjunct  to  all  forms  of  si^lints.  The  whole 
part  enclosed  in  the  splint  must  be  covered  with  a  thick  layer  of  soft 
and  elastic  material,  such  as  cotton  wool  or  lint.  All  hollows  should 
be  hlJed  up,  and  all  bony  projections  specially  protected  by  rings  of 
wadding  so  arranged  as  to  take  the  pressure  off'  the  prominent  point  and 
distribute  it  on  the  surrounding  jiarts.  Opposing  skin  surfaces  must 
always  be  separated  by  a  layer  of  cotton  wool  or  boracic  lint.  A  bandase 
should  never  be  applied  to  the  limb  underneath  the  splints  and  pads  ts 
congestion  or  even  gangrene  may  be  induced  thereby.  • ' 

Operative  Treatment  of  Simple  Fractures.— In  certain  cases 
It  is  found  impossible  to  bring  the  fragments  into  accurate 
apposition  or  to  retain  them  there.  This  may  be  due  to  the 
obliquity  of  the  fracture,  as,  for  example,  in  the  shaft  of  the 
femur  or  m  the  bones  of  the  leg;  to  the  interlocking  of 
fragments,  as  occurs  frequently  in  epiphysial  separations:  to 
the  traction  of  powerful  muscles  on  one  of  the  fragments  as 
in  fracture  of  the  patella  or  olecranon ;  or  to  the  interposition 
ot  soft  tissues  between  the  broken  ends.  Under  such  circum- 
stances it  IS  necessary  to  expose  the  fracture  by  operation,  and 
after  reducing  it,  to  fix  the  fragments  together  by  wires,  pe-s 
P  ates  or  screws.  Operative  interference  is  usually  delayed 
till  about  a  week  after  the  injury,  by  which  time  the  el4ct 
or  other  measures  will  have  been  estimated,  and  accurate 
information  obtained  by  means  of  the  X-rays  regarding  tl  e 
nature  of  the  lesion  and  the  position  of  the  fragments.  Such 
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operations,  however,  are  not  to  be  undertaken  lightly,  as  they 
are  often  difficult,  and  if  septic  infection  takes  place  the  results 
may  be  disastrous.  Arbuthnot  Lane  and  others  advocate  a 
more  general  resort  to  operative  measures,  even  in  simple  and 
uncomplicated  fractures. 

Both  before  and  after  operations,  massage  and  movement  are 
to  be  carried  out  as  already  described. 


Compound  Eractuees 

The  characteristic  feature  of  a  compound  fracture  is  the 
existence  of  an  open  wound  leading  down  to  the  break  in  the 
bone,  and  it  is  the  presence  of  the  wound  which,  by  providing 
a  means  of  entrance  for  bacteria,  dominates  the  whole  aspect 
of  the  case.  The  wound  may  vary  in  size  from  a  mere  puncture 
to  an  extensive  ragged  tear  of  all  the  soft  parts. 

A  f  ractui-e  may  be  rendered  compound  from  without,  the  soft 
parts  being  damaged  by  the  object  which  breaks  the  bone — as, 
for  example,  a  cart  wheel,  a  piece  of  machinery,  or  a  bullet. 
Sloughing  of  soft  parts  resulting  from  the  pressure  of  im- 
properly applied  splints,  also,  may  convert  a  simple  into  a 
compound  fracture.  On  the  other  hand,  a  simple  fracture 
may  be  rendered  compound  from  loithin — for  example,  a  sharp 
fragment  of  bone  may  penetrate  the  skin,  or  the  skin  may 
slough  as  a  result  of  extreme  tension  from  effused  blood.  ^ 

As  a  rule,  it  is  easy  to  recognise  that  the  fracture  is  com- 
pound, as  the  bone  can  either  be  seen  or  felt  through  the 
wound.  When  any  doubt  exists  as  to  whether  or  not  a  wound 
communicates  with  the  bone,  it  is  safer  to  enlarge  it  by  incision 
than  to  assume  that  the  fracture  is  simple. 

The  prognosis  depends  on  the  success  which  attends  the 
efforts  to  make  and  to  keep  the  wound  aseptic,  as  well  as  on 
the  extent  of  damage  to  the  tissues.  When  sepsis  ensues, 
fragments  of  bone  may  undergo  necrosis  and  lead  to  the 
formation  of  sinuses,  and  union  is  usually  attended  with 
excessive  and  irregular  callus  formation  (Fig.  118). 

Treatment. leading  indication  is  to  ensm-e  asepsis. 
Even  in  the  case  of  small  punctured  wounds  caused  by  a 
pointed  fragment  coming  through  the  skin,  it  is  never  wise 
to  assume  that  the  wound  is  not  infected.  It  is  much  safer 
to  enlarge  such  a  wound,  pare  away  the  bruised  edges,  and 
disinfect  the  raw  surfaces. 

In  cases  of  extensive  laceration  of  the  soft  parts,  all  soilea, 
bruised,  or  torn  portions  of  tissue  should  be  clipped  away  with 
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scissors,  blood-clots  removed,  and  the  bleeding  arrested  by  forci- 
pressure  or  ligature.  If  there  is  any  reason  to  believe  that  the 
wound  is  infected,  any  fragments  of  bone  completely  separated 
from  the  periosteum  should  be  removed.  The  wound  should 
then  be  washed  out  with  sterilised  salt  solution.  On  the 
whole,  it  is  safer  not  to  attempt  to  obtain  primary  imion  by 
completely  closing  such  wounds,  but  rather  to  drain  or  pack 
them.  To  increase  the  local  leucocytosis  and  so  check  the 
spread  of  infection,  a  Bier's  constricting  bandage  should  be 
applied. 

In  other  respects  the  treatment  of  compound  fractxires  is 
carried  out  on  the  same  lines  as  in  simple  fractures,  provision 
being  made  for  dressing  the  wound,  without  disturbance  of  the 
bones.  Massage  and  movement  should  be  commenced  after 
the  wound  is  healed  and  the  condition  has  become  analogous 
to  a  simple  fracture. 

Question  of  Amputation  in  Compound  Fractures. — Before 
deciding  to  perform  primary  amputation  of  a  limb  for  compound 
fracture,  the  sm-geon  must  satisfy  himself  (1)  that  the  attain- 
ment of  asepsis  is  impossible ;  (2)  that  the  soft  parts  are  so 
widely  and  so  grossly  damaged  that  their  recovery  is  im- 
probable ;  (3)  that  the  vascular  and  nervous  supply  of  the 
parts  beyond  has  been  rendered  insufficient  by  destruction  of 
the  main  blood-vessels  and  nerve-trunks;  (4)  that  the  bones 
have  been  so  shattered  as  to  be  beyond  repair ;  and  (5)  that 
the  limb,  even  if  healing  takes  place,  will  be  less  useful  than 
the  stump  resulting  after  amputation. 

In  attempting  to  save  the  limb  of  a  young  subject,  it  is 
justifiable  to  run  risks  which  would  not  be  permissible  in 
the  case  of  an  older  person.  To  save  an  upper  limb,  also, 
risks  may  be  run  which  would  not  be  justifiable  in  the  case 
of  a  lower  limb,  because,  while  a  serviceable  artificial  leg  can 
readily  be  procured,  any  portion  of  the  natural  hand  or  arm 
is  infinitely  more  useful  than  the  best  substitute  which  the 
instrument-maker  can  contrive.  The  risk  involved  in  attempt- 
ing to  save  a  limb  should  always  be  explained  to  the  patient 
or  his  friends,  in  order  that  they  may  share  the  responsibility 
in  case  of  failure. 

"Whether  or  not  the  amputation  should  be  performed  at  once 
depends  upon  the  general  condition  of  the  patient.  If  the 
injury  is  a  severe  one,  and  attended  with  a  profound  degree 
of  shock,  it  is  better  to  wait  for  twenty-four  or  forty-eight 
hours.  Meanwhile  the  wound  is  thoroughly  purified,  and  the 
limb  wrapped  in  an  antiseptic  dressing.    Means  are  'taken  to 
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counteract  shock  and  to  maintain  the  patient's  strength,  and 
evidence  of  septic  infection  or  of  haemorrhage  is  carefully 
watched  for.  When  the  shock  has  passed  off  and  the  patient 
is  able  to  stand  the  operation,  it  is  then  performed  under  more 
favourable  auspices.  Clinical  experience  has  proved  that  by  this 
means  the  mortality  of  primary  amputations  may  be  materially 
diminished,  especially  in  injuries  necessitating  removal  of  an 
entire  limb. 

Having  decided  to  amputate,  it  is  important  to  avoid  having 
bruised,  torn,  or  separated  tissues  in  the  flaps,  as  these  are 
liable  to  slough  or  to  become  the  seat  of  septic  infection.  In 
this  connection  it  should  be  borne  in  mind  that  the  damage 
to  soft  tissues  is  always  wider  in  extent  than  appears  from 
external  examination. 

Amputation  may  be  called  for  later  because  of  spreading 
septic  processes,  osteomyelitis,  or  gangrene  of  the  limb;  to 
prevent  exhaustion  from  prolonged  suppuration  and  septic 
absorption ;  or  on  account  of  secondary  hsemorrhage. 


SEPARATIOI^  OF  EPIPHYSES 

It  is  only  within  late  years  that  the  subject  of  the  separation 
of  epiphyses  (or,  as  these  injuries  are  sometimes  called, 
diastases  has  received  its  due  share  of  attention,  and  the  use 
of  the  X-rays  has  added  greatly  to  our  knowledge  of  these  lesions. 

It  is  useful  to  remember  that  in  the  upper  extremity  the 
epiphyses  in  the  regions  of  the  shoulder  and  wrist,  and,  in  the 
lower  extremity,  those  in  the  region  of  the  knee,  are  the  latest 
to  unite  ;  and  that  it  is  in  these  situations  that  growth  in  length 
of  the  bone  goes  on  longest  and  most  actively.  Injuries  of  these 
epiphyses,  therefore,  are  most  liable  to  interfere  with  the  growth 
of  the  limb. 

An  epiphysis  is  nourished  from  the  articular  arteries  and 
through  the  vessels  of  the  periosteum. 

Pathological  Separation  of  Epiphyses. — There  are  certain 
pathological  conditions,  such  as  rickets,  scurvy,  congenital 
syphilis,  tubercle,  suppurative  conditions,  and  tumour  growths, 
which  render  separation  of  epiphyses  liable  to  occur  from 
injuries  altogether  insufficient  to  produce  such  lesions  under 
normal  conditions. 

;.  ^  The  term  "  diastasis  "  lias  been  employed  in  different  senses  by  different 
writers. 
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Traumatic  Separations.  ^ — Speaking  generally,  it  may  be 
said  that  injuries  which  in  an  adult  would  be  liable,  to  produce 
dislocation,  are  in  a  young  jierson  more  apt  to  cause  separation 
of  an  epiphysis.  Indirect  violence,  especially  when  exerted  in 
such  a  way  as  to  combine  traction  with  torsion,  for  example 
when  the  leg  is  caught  in  the  spokes  of  a  carriage  wheel,  is  the 
commonest  cause  of  epiphysial  separation.  Direct  violence  is 
a  much  less  frequent  cause.  Muscular  action  occasionally  pro- 
duces separation  of  such  epiphyses  as  the  anterior  superior  iliac 
spine,  the  small  trochanter  of  the  femur,  or  the  upper  fibular 
epiphysis. 

It  would  appear  that  the  majority  of  separations  take  place 
between  the  eleventh  and  the  eighteenth  years,  chiefly  because 
during  this  period  the  injuries  liable  to  produce  such  lesions 
are  most  prone  to  occur.  They  do  not  occur  after  twenty-five, 
because  by  that  time  all  the  epiphyses  have  united.  In  females 
this  form  of  injury  is  rare,  and  almost  invariably  occurs  before 
puberty. 

The  following  are  the  most  common  seats  of  separation  in 
•the  order  of  their  frequency  :— (1)  The  lower  end  of  the  femur ; 
(2)  the  lower  end  of  the  radius ;  (3)  the  upper  end  of  the 
humerus ;  (4)  the  lower  end  of  the  humerus ;  (5)  the  lower  end 
of  the  tibia  j  and  (6)  the  upper  end  of  the  tibia. 

Morbid  Anatomy.  —  In  a  true  separation  the  epiphysial 
cartilage  remains  attached  to  the  epiphysis.  As  a  rule  the 
epiphysis  is  not  completely  separated  from  the  diaphysis,  the 
common  lesion  being  a  separation  along  part  of  the  epiphysial 
line,  with  a  fracture  running  into  the  diaphysis  (Fig.  115). 
It  is  not  uncommon  for  more  than  one  epiphysis  to  be 
separated  by  the  same  accident— for  example,  the  lower  end 
of  the  femur  and  the  upper  ends  of  the  tibia  and  fibula. 
Epiphysial  separations,  like  fractures,  may  be  siviple  or  com- 
pound. Incomplete  separations  are  liable  to  be  overlooked  at 
the  time  of  the  accident,  but  there  is  reason  to  believe  that 
they  may  form  the  starting-point  of  various  diseases  of  bones 
.and  jomts.  Strain  of  the  epiphysial  junction— the  juxta- 
epiphysial  strain  of  Oilier— is  a  common  iniurv  in  vouno- 
children.  Jo 

Clinical  Features.— The  symptoms  simulate  those  of  dis- 
location rather  than  of  fracture.  Thus,  u?matural  mobility  at 
an  epiphysial  junction  may  closely  resemble  movement  at  the 
adjacent  joint,  especially  when  the  epiphysis  is  an  iiitra-capsular 

worSn'^r'"'^        to '^ol^nowledge  our  indebtedness  to  Mr.  Jolni  Poland's 
^^  01  k  on  Traumatic  Separation  of  the  Epiphyses. 
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one.  The  relationship  of  the  bony  points,  however,  serves  to 
indicate  the  nature  of  the  lesion.    The  degree  of  deformitij 


is  often  slight,  because  the  transverse  direction  of  the  lesion, 
the  breadth  of  the  separated  surfaces, 'and  the  firmness  of  the 


Fig.  116.— Partial  Separation  witli       Fig.  117.-Complct^  Separation  with 


Fracture  of  Epiphysis. 


Fracture  of  Epiphysis. 
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periosteal  attachment  along  the  epiphysial  line  prevent  dis- 
placement. In  many  cases  a  distinct,  rounded,  smooth,  and 
regular  ridge,  caused  by  the  projection  of  the  diaphysis,  can 
be  felt.  The  peculiar  "muffled"  nature  of  the  crepitus  is 
one  of  the  most  characteristic  signs.  The  older  the  patient, 
and  the  further  ossification  has  progressed,  the  more  does  the 
crepitus  resemble  that  of  fracture. 

Of  the  subsidiary  signs,  loss  of  poiver  in  the  limb  is  one  of 
the  most  constant ;  mdeed,  in  young  children  it  is  sometimes 
the  first,  and  may  be  the  only  sign  which  attracts  attention. 
Pai7i  and  tenderness  along  the  epiphysial  line  are  valuable 
signs,  particularly  when  the  lesion  is  due  to  indirect  or 
muscular  violence  and  there  is  no  bruising  of  soft  parts. 
Localised  swelling,  accompanied  by  eccliymosis,  is  often 
marked;  and  the  adjacent  joint  may  be  distended  with 
fluid. 

As  distinguishing  this  injury  from  a  dislocation,  it  may  be 
noted  that  in  epiphysial  separation  there  is  no  snap  felt  when 
the  deformity  is  reduced,  the  tendency  to  re-displacement  is 
greater,  and  the  amount  of  relief  given  by  reduction  less  than 
in  dislocation. 

The  use  of  the  Eontgen  rays  at  once  establishes  the 
diagnosis. 

Prognosis  and  Results. — In  the  great  majority  of  cases  union 
takes  place  satisfactorily  by  the  formation  of  callus  in  the 
spongy  tissue  of  the  diaphysis  and  on  the  deep  surface  of  the 
periosteum.  In  spite  of  the  favourable  nature  of  the  prognosis 
in  general,  however,  the  friends  of  the  patient  should  be  warned 
that  a  completely  satisfactory  result  cannot  always  be  relied 
upon. 

Deformity,  and  impairment  of  movement  at  the  adjacent 
joint,  may  result  from  imperfect  reduction,  from  exuljerant 
callus,  or  from  adhesions.  Arrest  of  growth  of  the  bone  in 
length  is  a  rare  sequel,  and  when  it  occurs,  it  is  due,  not  to 
premature  union  of  the  epiphysis  with  the  shaft,  but  to 
diminished  action  at  the  ossifying  junction. 

When  the  growth  of  one  of  the  bones  of  the  leg  or  forearm 
is  arrested  after  separation  of  its  epiphysis  while  the  other  bone 
continues  to  grow,  the  foot  or  hand  is  deviated  towards  the  side 
of  the  shorter  bone. 

Treatnmit.  —  The  general  principles  which  govern  the 
treatment  of  fractures  apply  equally  to  epiphysial  separations, 
and  the  special  points  Avill  be  described  with  the  individual 
lesions. 
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Repair  op  Injuries  of  Bone 

In  a  simple  fracture,  the  vessels  of  the  periosteum  and  the 
marrow  being  torn  at  the  same  time  as  the  bone  is  broken, 
a  blood-clot  forms  around  and  between  the  fragments.  This 
clot  is  soon  permeated  by  newly  formed  blood-vessels,  and  by 
leucocytes  and  fibroblasts,  the  latter  being  derived  from  pro- 
liferation of  the  cells  of  the  marrow  and  periosteum.  The 
granulation  tissue  thus  formed  resembles  in  every  particular 
that  described  in  the  repair  of  other  tissues,  except  that  the 
fibroblasts,  being  the  offspring  of  cells  which  normally  form 
bone,  assume  the  functions  of  osteoblasts,  and  proceed  to  the 
formation  of  bone.  The  new  bone  may  be  formed  either  by  a 
direct  conversion  of  the  fibrous  tissue  into  osseous  tissue,  the 
osteoblasts  arranging  themselves  concentrically  in  the  recesses 
of  the  capillary  loops,  and  secreting  a  homogeneous  matrix  in 
which  lime-salts  are  speedily  deposited;  or  there  may  be  an 
intermediate  stage  of  cartilage  formation,  especially  in  young 
subjects,  and  in  cases  where  the  fragments  are  not  completely 
immobilised.  The  newly  formed  bone  is  at  first  arranged  in 
little  masses  or  in  the  form  of  rods  which  unite  with  each 
other  to  form  a  network  of  spongy  bone,  the  meshes  of  which 
contain  marrow. 

The  reparative  material,  consisting  of  granulation  tissue  in 
the  process  of  conversion  into  bone,  is  called  callus,  on  account 
of  its  hard  and  unyieldmg  character.  In  a  fracture  of  a  long 
bone,  that  which  surrounds  the  fragments  is  called  the  external 
or  enslieatliing  callus,  and  may  be  likened  to  the  mass  of  solder 
which  surrounds  the  junction  of  pipes  in  plumber-work  ; 
that  which  occupies  the  position  of  the  medullary  canal  is 
called  the  internal  or  medullary  callus ;  and  that  which  inter- 
venes between  the  fragments  and  maintains  the  continuity 
of  the  cortical  compact  tissue  of  the  shaft  is  called  the 
intermediate  callus.  This  intermediate  callus  is  the  only 
permanent  portion  of  the  reparative  material,  the  external 
and  internal  callus  being  only  temporary,  and  being  largely 
reabsorbed  through  the  agency  of  giant  cells. 

Detached  fragments  or  splinters  of  bone  may  be  absorbed,  or 
they  may  be  included  in  the  callus  and  ultimately  become 
incorporated  in  the  new  bone  that  bridges  the  gap. 

AH  surplus  bone  is  removed,  the  medullary  canal  is  re-formed, 
the  young  spongy  bone  of  the  intermediate  callus  becomes  more 
and  more  compact,  and  thus  the  original  architectural  arrange- 
ment of  the  bone  may  be  faithfully  reproduced. 
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The  amount  of  callus  produced  in  the  repair  of  a  given 
fracture  is  greater  wlien  movement  is  permitted  bet-Aveen  the 
broken  ends.  It  is  also  influenced  by  the  character  of  the  bone 
involved,  being  less  in  bones  entirely  ossified  in  membrane, 
such  as  the  flat  bones  of  the  skull,  than  in  those  primarily 
ossified  in  cartilage. 

If  the  fragments  are  widely  separated  from  one  another,  or 
if  some  tissue,  such  as  muscle,  intervenes  between  them,  callus 
may  not  be  able  to  bring  about  a  bony  union  between  the 
fragments,  and  non-union  results. 

Bones  divided  in  the  course  of  an  operation,  for  example  in 
osteotomy  for  knock-knee,  or  wedge-shaped  resection  for  bow- 
leg, are  repaired  by  the  same  process  as  fractures. 

A  compound  fracture,  if  not  infected  by  bacteria,  heals  in 
the  same  way  as  a  simple  one.  Should  infection  ensue, 
however,  the  reparative  process  is  delayed,  detached  portions 


Formation  after  Septic  Conipoiuul  Frjioture  or 
tro=«  T°f '  °*  Forearm-result  of  gim-shot  wound.  Fusion  ^f  Bones 
across  Interosseous  Space. 

of  bone  may  die,  keeping  up  a  persistent  discharge,  and 
w  ien  union  takes  place  there  is  an  excessive  amount  of  callus 
which  may  interfere  with  the  function  of  the  part.  Opera- 
tive interference  is  often  called  for  to  remove  sequestra  and 
permit  of  purification  of  the  sinuses  associated  with  them 
•  ■^^''•^f     Callus. -In  comminuted  fractures,  and  in  fractures 
in  which  there  is  much  displacement,  the  amount  of  callus  is  in 
excess,  but  this  is  necessary  to  ensure  stability.    In  fractures 
in  the  vicinity  of  large  joints,  such  as  the  hip  or  elbow  the 
tormation^  of  callus  is  sometimes  excessive,  and  the  projecting 
masses  ol  new  bone  restrict  the  movements  of  the  ioint 
\Jhen  exuberant  callus  forms  between  the  bones  in  fractures 
with  fF°/'nm  ^'T^f"""  '^'^  «,^^P"f tion  may  be  interfered 

elbow  iol  1^'  "I'P^^'  --^t  the 

cam?    '  ''^'^'^'^'^        i^^--^^^^^^  "po^^ 


Absorption  of  Callus.-It  sometimes  happens  that  when 


an 
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acute  infective  disease,  especially  one  of  the  exanthemata, 
supervenes  while  a  fracture  is  undergoing  repair,  the  callus 
which  has  formed  becomes  softened  and  is  absorbed.  This 
may  occur  weeks  or  even  months  after  the  bone  has  united, 
with  the  result  that  the  fragments  again  become  movable,  and 
it  may  be  a  considerable  time  before  union  finally  takes  place. 

Tumours  of  Callus. — Tumours,  such  as  chondromata  and 
sarcomata  and  cysts,  which  are  probably  of  the  same  nature 
as  those  met  with  in  osteomyelitis  fibrosa,  are  liable  to  occur  in 
callus,  or  at  the  seat  of  old  fractures,  but  the  evidence  so  far  is 
inconclusive  as  to  the  causative  relationship  of  the  injury  to  the 
new-growth.  They  are  treated  on  the  same  lines  as  tumours 
occurring  independently  of  fracture. 

Badly  United  Fracture— Mal-Union.— Union  with  marked 
displacement  of  the  fragments  is  most  common  in  fractures 
that  have  not  been  properly  treated— as,  for  example,  those 
occurring  in  sailors  at  sea  ;  and  in  cases  in  which  the  comminu- 
tion was  so  great  that  accurate  apposition  was  rendered  im- 
possible. It  may  also  result  from  imperfect  reduction,  or 
because  the  apparatus  employed  permitted  of  secondary  dis- 
placement. Restlessness  on  the  part  of  the  patient  from 
intractability,  delirium  tremens,  or  mania,  is  the  cause  of 
mal-union  in  some  cases. 

Whether  or  not  any  attempt  should  be  made  to  improve 
matters  depends  largely  on  the  degree  of  deformity  and  the 
amount  of  interference  with  function. 

When  interference  is  called  for,  if  the  callus  is  not  yet 
firmly  consoUdated,  it  may  be  possible,  imder  an  anaesthetic,  to 
bend  the  bone  into  position  or  to  rebreak  it,  either  with  the 
hands  or  by  means  of  a  strong  mechanical  contrivance  known 
as  an  osteoclast.  In  the  majority  of  cases,  however,  an  open 
operation  yields  results  which  are  more  certain  and  satisfactory-. 
When  the  deformity  is  comparatively  slight,  the  bone  is 
divided  Avith  an  osteotome  and  straightened;  when  there  is 
marked  bending  or  angling,  a  wedge  is  tal^en  from  the 
convexity,  as  in  the  operation  for  bow-leg.  To  maintain  the 
fragments  in  apposition  it  may  be  necessary  to  employ  pegs, 
plates,  bone  ferrules,  or  other  mechanical  means.  Splints  ana 
extension  are  then  applied,  and  the  condition  is  treated  on  the 
same  lines  as  a  compound  fracture.  _ 

Delayed  Union.— At  the  time  when  union  should  be  hrm 
and  solid,  it  may  be  found  that  the  fragments  are  only  united  by 
a  soft  cartilaginous  callus,  which  for  a  prolonged  period  ma^ 
undergo  no  further  change,  so  that  the  limb  remains  incapable 
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of  bearing  weight  or  otherwise  performing  its  functions.  The 
normal  period  required  for  union  may  be  extended  from  various 


Fio.  119.— Un-united  Fracture  of  Shaft  of  Humerus,  of  15  years'  duration. 

causes.  The  most  important  of  these  is  general  debility,  but 
the  presence_of  rickets  or  tuberculosis,  or  an  intercurrent  acute 


460 


INJURIES  OF  BONES 


infectious  disease,  may  delay  the  reparative  process.  The 
influence  of  syphiHs,  except  in  its  gummatous  forms,  in  inter- 
fering with  union  is  doubtful.  The  influence  of  old  age  as  a 
factor  in  delaying  union  has  been  over-estimated ;  in  the  great 
majority  of  cases,  fractures  in  old  people  unite  as  rapidly  and 
as  firmly  as  those  occurring  at  other  periods  of  life. 

Treatment. — The  general  condition  of  the  patient  should  be 
improved  as  far  as  possible  by  dieting  and  tonics.  One  of  the 
most  reliable  methods  of  hastening  union  in  these  cases  is  by 
inducing  passive  hypersemia  of  the  limb  after  the  method 
advocated  by  Bier,  and  this  plan  should  always  be  tried  in  the 
first  instance.  An  elastic  bandage  is  applied  above  the  seat  of 
fracture,  sufficiently  tightly  to  congest  the  limb  beyond,  and, 
to  concentrate  the  congestion  in  the  vicinity  of  the  fracture,  an 
ordinary  bandage  should  be  applied  from  the  distal  extremity 
to  within  a  few  inches  of  the  break.  The  hyperaemia  should 
be  maintained  for  several  hours  (six  to  twelve)  daily.  An 
accurately  fitting  apparatus  should  be  adjusted  to  enable  the 
patient  to  get  into  the  open  air,  and  in  fractures  of  the  lower 
extremity  we  have  found  it  an  advantage  to  allow  the  patient 
to  move  about  with  crutches  in  the  intervals.-  This  method  of 
treatment  should  be  persevered  with  for  three  or  foiir  weeks,  and 
the  limb  should  be  massaged  daily  while  the  bandage  is  off'. 

Among  the  other  methods  which  have  been  recommended 
are  the  injection  of  oil  of  turpentine  between  the  fragments 
(Mikulicz) ;  the  forcible  rubbing  of  the  ends  together,  under 
an  antesthetic  if  necessary ;  and  the  administration  of  thyroid 
extract.  If  these  methods  fail,  the  parts  may  be  exposed  by 
operation,  and  the  ends  of  the  bones  rawed,  and  pegged,  wired, 
or  plated.  As  a  rule,  satisfactory  union  is  ultimately  obtained, 
although  much  patience  is  required. 

Want  of  Union — "Un-united  Fracture." — In  a  few  cases 
union  entirely  fails  to  take  place,  and  the  condition  is  spoken 
of  as  un-united  fracture.  The  most  common  local  cause  of 
non-union  is  the  interposition  of  a  portion  of  muscle,  tendon, 
or  other  soft  tissue  between  the  ends  of  the  bones.  This  is 
most  liable  to  occur  in  oblique  fractures  with  overlapping  of 
the  fragments,  and  it  may  be  suspected  if,  with  the  X-rays,  a 
clear  space  is  seen  between  the  fragments. 

Any  interference  with  the  circulation  of  the  limb,  and  any 
form  of  bacterial  infection  attended  with  suppuration  in  the 
region  of  the  fracture,  is  liable  to  lead  to  non-union.  Fractures 
inside  the  capsule  of  a  joint,  for  example,  the  hip  or  shoulder, 
may  also  fail  to  unite,  probably  because  the  short  fragment  has 
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but  a  poor  vascular  supply,  and  because  it  is  impossible  to 
maintain  accurate  apposition  of  the  fragments. 

The  fragments  become  atrophied,  the  ends  rounded,  and  the 
medullary  cavity  obliterated,  and  the  ends  of  the  bone  remain 
separate  and  freely  movable.  In  course  of  time  the  ends  of 
the  bones  may  be  covered  by  a  layer  of  cartilage,  and  a  firm 
capsule  of  fibrous  tissue  may  form  around  them,  and  develop 
on  its  inner  aspect  a  layer  of  endothelium  which  secretes  a 
synovia-like  fluid— a  condition  of  affairs  spoken  of  as  a  false- 
joint  or  pseud-arthrosis.  Sometimes  dense  fibrous  tissue  forms 
between  the  fragments,  coTiBiitwiiwg  fibrous  union.  In  adults, 
non-union  is  most  frequently  met  with  in  the  humerus  and  in 
the  femur,  and  in  most  cases  union  may  be  brought  about  by 
operative  measures.  In  children,  it  is  occasionally  met  with  in 
the  bones  of  the  leg,  and  is  seldom  cmed  by  operation.  The 
lower  fragments  in  these  cases  cease  to  grow  and  become  rarefied, 
and  the  limb  is  so  useless  that  amputation  may  be  necessary. 

If  it  has  not  already  been  tried,  the  usual  treatment  for 
delayed  union  should  be  instituted,  and  if  this  fails,  recourse 
must  be  had  to  operation.    The  parts  having  been  rendered 
bloodless,  an  incision  is  made  to  expose  the  fragments  freely, 
and  after  removal  of  any  intervening  material  and  rawing  of 
their  surfaces,  nails  or  Avires  are  inserted  to  secure  accurate 
apposition.    The  use  of  steel  and  aluminium  plates  fixed  to  the 
bone  by  screw-nails  is  sometimes  a  more  efficient  means  of  keep- 
ing the  fragments  in  position.    In  certain  cases  dove-tailin" 
the  ends  into  one  another,  or  enclosing  the  fragments  in  a 
ferrule  of  decalcified  bone,  may  be  employed.    When  the  want 
of  union  is  due  to  a  defect  in  the  bone,  for  example,  after  a 
comminuted  fracture  of  the  tibia,  the  gap  may  be  filled  by 
grafting  into  it  a  portion  of  the  fibula  from  the  opposite  limb 
Another  method  is  to  raise  a  broad  flap  of  skin,  periosteum, 
and  bone  from  the  opposite  tibia,  and,  with  its  base  still 
attached,  to   implant  it  in  the  gap.    The  limbs  are  held 
together  with  plaster  of  Paris  until  the  graft  has  formed  a 
vascular  connection  with  the  bone  into  which  it  is  implanted 
alter  which  the  base  is  divided  and  the  limbs  separated  This 
plan  has  been  successful  in  those  inveterate  cases  of  non-union 
m  children  which  previously  necessitated  amputation,  and  in 
cases  of  false-joint. 
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INJURIES  OF  JOINTS 

Surgical  Anatomy— Injuries  :  Contusions;  Wounds;  Sprains;  Dis- 
locations— Traumatic  Dislocations:  Causes;  Varieties ;  Clinical 
features  ;  Treatment  —  Compound  dislocations  —  Old-standing  dis- 
locations. 

Surgical  Anatomy.— The  function  of  a  joint  is  to  permit  of  the  move- 
ment of  one  bone  upon  another.    The  articular  surfaces  are  covered  with 
a  thin  layer  of  hyaline  cartilage,  and  are  retained  in  apposition  by  the 
tension  of  ligaments  and  of  the  muscles  surrounding  the  joint.  The 
capsular  ligament  is  directly  continuous  with  the  periosteum,  and  is  lined 
by  synovial  membrane,  which  at  the  line  of  attachment  of  the  capsule  is 
reflected  on  to  the  bone  as  far  as  the  articular  cartilage.    The  synovial 
membrane  invests  intra-articular  ligaments,  and  is  projected  into  the 
interior  of  the  joint  in  the  form  of  loose  folds  wherever  the  articulating 
surfaces  are  not  in  immediate  contact.    The  surface  of  the  membrane  is 
covered  with  minute  processes  or  villi,  which  in  diseased  conditions  may 
become  hypertrophied.    The  synovia  owes  its  lubricating  property  to 
mucin,  derived  from  the  solution  of  the  endothelial  cells  on  the  free 
surface  of  the  membrane.    The  opposing  surfaces  of  a  joint  being  always 
in  accurate  contact,  the  so-called  cavity  is  only  a  potential  one.  If 
fluid  is  poured  out  into  the  joint,  the  synovial  membrane  and  the 
capsule  are  put  upon  the  stretch,  causing  discomfort  or  actual  pain, 
which  is  partly  relieved  by  slightly  flexing  the  joint.    If  the  distension 
persists,  the  ligaments  become  elongated  and  the  joint  unstable. 

The  common  origin  of  bone,  cartilage,  periosteum,  and  synovial 
membrane  from  one  parent  tissue  of  the  embryo,  accords  with  the  readi- 
ness with  which  any  one  of  these  tissues  may  be  converted  into  another 
under  traumatic  or  pathological  influeuces.  ,        .  , 

Joints  derive  an  abundant  blood-supply  through  the  articular  arteries.  ^ 
The  lymphatics,  which  take  origin  in  the  synovial  membrane,  pass  to 
efferent  vessels  which  run  in  the  intermuscular  and  other  connective- 
tissue  planes  of  the  limb.    The  nerve  supply  is  derived  chiefly  from  the 
nerves  distributed  to  the  muscles  acting  on  the  joint  and  to  the  skm 

"^Sources  of  Joint  Strength.  -The  capacity  of  a  joint  to  resist  dislocation 

deueuds  upon  (1)  the  shape  of  its  osseous  elements  ;  (2)  the  strength  and 
arrangement  of  its  ligaments  ;  (3)  the  support  it  receives  from  muscles  or 
tendons  placed  in  relation  to  it ;  and  (4)  the  relative  stability  of  adjacent 
structure"  AVhile  all  these  factors  contribute  to  the  strength  of  a  given 
ioint  one  or  other  of  them  usually  predominates,  so  that  certain  joints 
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are  osseously  strong,  others  are  ligamentously  strong,  while  a  few  depend 
eliiefly  upon  adjacent  muscles  for  their  stability. 

The  hip  and  elbow  are  the  best  examples  of  joints  deriving  their 
strength  mainly  from  the  architectural  arrangement  of  the  constituent 
bones.  These  joints  are  dislocated  only  by  extreme  degrees  of  violence, 
and  not  infrequently — especially  in  the  elbow — portions  of  the  bones  are 
fractured  before  the  articular  surfaces  are  separated. 

The  knee,  the  wrist,  the  carpal,  the  tarsal,  and  the  clavicular  joints 
depend  for  their  stability  almost  entirely  on  the  strength  of  their  liga- 
ments. These  joints  are  rarely  dislocated,  but  as  the  main  incidence  of 
the  violence  falls  on  the  ligaments  they  are  frequently  sprained. 

The  shoulder  is  the  typical  example  of  a  joint  depending  for  its  security 
chiefly  upon  the  muscles  and  tendons  passing  over  it,  and  hence  the 
frequency  with  which  it  is  dislocated  when  the  muscles  are  taken 
unawares.  At  the  same  time  the  great  mobility  of  the  scapula  and 
clavicle  materially  increases  the  stability  of  the  shoulder-joint.  The 
tendons  passing  in  relation  to  the  knee,  ankle,  and  wrist  add  to  the 
stability  of  these  joints. 

The  proximity  of  an  easily  fractured  bone  also  contributes  to  prevent 
dislocation  of  certain  joints — for  example,  fracture  of  the  clavicle  jirevents 
an  impinging  force  expending  itself  on  the  shoulder-joint ;  and  the 
frequency  of  Colles'  fracture  of  the  radius,  and  of  Pott's  fracture  of  the 
fibula,  doubtless  accounts  to  some  extent  for  the  rarity  of  dislocation  of 
the  wrist  and  ankle  joints  respectively.  The  immunity  from  dislocation 
which  the  joints  of  young  subjects  enjoy  is  partly  due  to  the  ease  with 
which  the  adjacent  epiphyses  are  separated. 

The  mechanical  axiom  that  "what  is  gained  in  movement  is  lost  in 
stability"  is  true  of  joints,  those  which  have  the  widest  range  of  move- 
ment being  the  most  frequently  dislocated. 

The  injuries  to  which  a  joint  is  liable  are  Contusions, 
Wounds,  Sprains,  and  Dislocations. 

Contusions  of  Joints. — Contusion  is  the  mildest  form  of 
injury  to  a  joint.  Whether  the  violence  is  transmitted  from  a 
distance,  as  in  contusion  of  the  hip  from  a  fall  on  the  feet,  or 
acts  more  directly,  as  in  a  fall  on  the  great  trochanter,  the 
bones  are  violently  driven  against  one  another,  and  the  force 
expends  itself  on  their  articular  surfaces.  The  articular  carti- 
lages and  the  underlying  spongy  bone,  as  well  as  the  synovial 
membrane,  are  bruised,  and  there  is  an  effusion  of  blood  and 
serous  fluid  into  the  joint  and  surrounding  tissues. 

The  most  prominent  clinical  features  are  swelling  and  dis- 
coloration. The  swelling, .  especially  in  superficially  placed 
jomts,  is  an  early  and  marked  symptom,  and  is  mainly  due  to 
the  effusion  of  blood  into  the  joint  (hcemarthrosis).  In  deeply 
placed  joints,  discoloration  may  not  appear  on  the  surface  for 
some  days,  especially  if  the  violence  has  been  indirect.  The 
jomt  :s  kept  in  the  flexed  position,  and  is  painful  only  when 
moved.  Considerable  efl'usion  of  blood  into  a  joint  may  follow 
the  most  trivial  injury  in  luemophilic  subjects. 
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A  slight  degree  of  serous  efifusion  into  the  joint  {hydrar- 
ilirosis)  often  persists  for  some  time,  and  tuberculous  affections 
of  joints  not  infrequently  date  from  a  contusion. 

Treatment. — When  seen  immediately  after  the  accident, 
effusion  may  be  prevented  by  applying  firm  pressure  with  an 
elastic  bandage  over  a  thick  layer  of  cotton  wool.  After  a  few 
hours,  massage  and  movement  of  the  joint  are  commenced,  and 
systematically  employed.  When  effusion  has  already  taken 
place  and  there  is  so  much  fluid  in  the  joint  as  to  intefere 
with  movement,  absorption  may  be  promoted  by  withdrawing 
some  of  the  fluid  by  means  of  an  exploring  needle,  after  which 
massage  and  movement  are  begun.  Prolonged  rest  is  to  be 
avoided,  as  it  results  in  stiffness  and  impaired  or  delayed 
usefulness. 

Wounds  of  Joints. — The  importance  of  accidental  wounds 
of  joints — such,  for  example,  as  result  from  a  stab  with  a  pen- 
knife or  the  point  of  a  railing — lies  in  the  fact  that  they  are 
liable  to  be  followed  by  septic  infection  of  the  synovial  cavity. 
The  infection  may  involve  only  the  synovial  membrane  {septic 
synovitis),  or  may  spread  to  all  the  'elements  of  the  joint  {septic 
arthritis).  These  conditions  are  described  with  diseases  of 
joints. 

Penetration  of  the  joint  may  sometimes  be  recognised  by  the 
escape  of  synovia  from  the  Avound,  or  the  synovial  membrane 
or  articular  cartilage  may  be  exposed.  When  doubt  exists, 
the  wound  should  be  enlarged.  The  use  of  the  probe  is 
to  be  avoided,  on  account  of  the  risk  of  carrying  septic 
material  from  the  track  of  the  wound  into  the  caAdty  of  the 
joint. 

Penetrating  wounds  of  joints  are  treated  on  the  same  lines  as 
those  associated  with  compound  fractures.  After  the  wound 
has  been  disinfected,  a  Bier's  bandage  is  applied  and  drainage 
provided  for.  As  soon  as  the  wound  is  healed,  massage  and 
movement  must  be  employed  to  prevent  the  formation  of 
adhesions. 

Gun-shot  injuries  of  joints  have  already  been  described. 

Sprains. — A  sprain  results  from  a  stretching  or  twisting 
form  of  violence  which  causes  the  joint  to  move  beyond  its 
physiological  limits,  or  in  some  direction  for  which  it  is  not 
structurally  adapted.  The  main  incidence  of  the  force  therefore 
falls  upon  the  ligaments,  which  are  suddenly  stretched  or  torn. 
The  synovial  membrane  also  is  torn,  and  the  joint  becomes 
filled  with  blood  and  serum. 

Muscles  and  tendons  passing  over  the  joint  may  be  stretched 
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or  torn,  and  their  sheaths  filled  with  serous  effusion.  It  is  not 
uncommon  for  superficial  jjortions  of  bone  to  be  torn  off  at  the 
site  of  attachment  of  strong  ligamentous  bands  or  tendons,  con- 
stituting a  "  sprain  fracture  " ;  or  for  intra-articular  cartilages 
to  be  displaced,  as  in  the  knee. 

Clinical  Features. — The  injury  is  accompanied  by  intense 
sickening  pain,  and  this  may  persist  for  a  considerable  time. 
At  first  it  is  aggravated  by  moving  the  joint,  but  if  the  move- 
ment is  continued  it  tends  to  pass  ofip.  The  particular  ligaments 
involved  may  be  recognised  by  the  tenderness  which  is  elicited 
on  making  pressure  over  them,  or  by  putting  them  on  the 
stretch.  In  this  way  a  sprain  may  often  be  diagnosed  from 
a  fracture. 

The  effusion  of  blood  and  serum  into  the  joint  and  into  the 
tissues  around  gives  rise  to  swelling  and  discoloration,  and  the 
fluid  effused  into  tendon  sheaths  often  produces  a  peculiar 
creaking  sensation,  which  may  be  mistaken  for  the  crepitus  of 
fracture.  In  sprains,  the  bony  points  about  the  joint  retain 
their  normal  relations  to  one  another,  and  this  usually  enables 
these  injuries  to  be  diagnosed  from  dislocations,  and,  as  a  rule, 
from  fractures.  When  the  swelling  is  great,  it  is  often  necessary 
to  have  recourse  to  the  Rontgen  rays  to  make  certain  that  there 
is  no  fracture  or  dislocation. 

Prognosis. — Stiffness,  lasting  for  a  longer  or  shorter  time, 
follows  most  sprains,  but  may  be  largely  prevented  by  proper 
treatment.  In  old  and  rheumatic  persons,  changes  of  the  nature 
of  arthritis  deformans  are  liable  to  supervene,  interfering  greatly 
with  movement.  While  suppuration  is'  rare,  tuberculous 
disease  not  infrequently  dates  its  onset  from  a  sprain. 

Treatment. — Sprains  are  best  treated  by  early  massage  and 
movement.  In  the  ankle,  for  example,  massage  should  be 
commenced  at  once,  the  part  being  gently  stroked  upwards. 
If  the  massage  is  light  enough  there  is  no  pain,  it  is  actually 
soothing.  The  rubbing  is  continued  for  from  fifteen  to  twenty 
minutes,  and  the  patient  is  encouraged  to  move  the  toes  and 
ankle.  A  moderately  firm  elastic  bandage  is  then  applied,  care 
being  taken  not  to  constrict  the  limb  and  so  interfere  with  the 
circulation.  The  massage  is  repeated  once  or  twice  a  day 
the  sittings  lasting  for  about  fifteen  minutes.  The  patient 
should  be  encouraged  to  move  the  joint  from  the  first,  beginning 
with  the  movements  that  put  least  strain  upon  the  daniacred 
liganients  and  gradually  increasing  the  range.  In  the  coiu-se 
ot  a  tew  days  he  is  encourgcd  to  walk  or  cycle,  or  otherwise  to 
use  the  joint  without  subjecting  it  to  strain.    Alternate  hot 
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and  cold  douching,  or  hot-air  liaths,  followed  by  massage,  are 
also  useful.  Complete  rest  and  prolonged  immobilisation  are 
to  be  condemned. 

Teaumatic  Dislocations 

A  dislocation  or  luxation  is  a  persistent  displacement  of  the 
opposing  ends  of  the  bones  forming  a  joint.  We  are  here 
concerned  only  with  such  dislocations  as  immediately  follow 
upon  injury.  Those  that  are  congenital  or  that  result  from 
disease  will  be  studied  later. 

Causes. — The  majority  of  dislocations  are  the  result  of 
indirect  violence,  the  more  movable  bone  acting  as  a  lever, 
on  a  fulcrum  furnished  by  the  natural  check  to  movement 
in  the  form  of  ligament,  bone,  or  muscle.  It  is  in  this  way 
that  most  dislocations  of  the  shoulder,  hip,  and  elbow  are 
produced. 

At  the  moment  the  violence  is  applied,  the  muscles  are 
relaxed  or  otherwise  taken  at  a  disadvantage,  so  that  the  joint 
is  for  the  time  being  deprived  of  their  support.  The  joint  is 
moved  beyond  its  physiological  range,  and  the  end  of  one  of 
the  bones  being  brought  to  bear  upon  the  capsule,  tears  it, 
and  passes  through  the  rent  thus  made.  The  muscles  then 
contract  refiexly,  and  pull  the  head  of  the  bone  into  an 
unnatural  position  outside  the  capsule.  The  position  assumed 
will  depend  upon  such  factors  as  the  direction  of  the  force,  the 
shape  of  the  joint,  the  position  of  the  limb  at  the  time  of  the 
accident,  and  the  relative  strength  of  the  different  groups  of 
muscles  acting  upon  the  bone  which  is  displaced. 

Violence  applied  directly  to  the  joint  is  a  much  less  frequent 
cause  of  dislocation.  In  this  way,  however,  the  knee-joint 
may  be  dislocated,  one  bone  being  driven  past  the  other— for 
example  by  a  kick  from  a  horse ;  or  the  acromio-clavicular  joint 
by  a  blow  on  the  shoulder. 

Muscular  contraction  is  not  often  the  sole  cause  of  disloca- 
tion, although,  as  has  been  mentioned,  it  plays  an  important 
role  in  the  production  of  the  majority  of  these  injuries.  The 
shoulder,  lower  jaw,  and  patella  are,  however,  not  infrequently 
displaced  by  muscular  action  alone.  Acrobats  sometimes  acquire 
the  power  of  dislocating  certain  joints  by  voluntary  contraction 
of  their  muscles.  . 

Aqe  and  Dislocations  occur  most  frequently  in  adult 

males,  doubtless  on  account  of  the  nature  of  their  occupations 
and  recreations.    In  children  the  epiph^'ses  are  separated,  and 
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in  old  people  the  bones  are  broken  by  such  forms  of  violence 
as  cause  dislocation  in  the  middle-aeed. 

Muscular  debility  and  undue  laxness  of  ligaments  resulting 
from  disease  or  previous  dislocation  are  also  predisposing 
factors. 

Clinical  Varieties. — The  separation  between  the  bones  may 
be  complete  or  partial.  When  partial,  portions  of  the  articular 
surfaces  remain  in  apposition,  and  the  injury  is  known  as  a 
sub-luxation.  Like  fractures,  dislocations  may  be  simple  or 
compound,  the  latter  being  specially  dangerous  on  account  of 
the  risk  of  septic  infection.  When  seen  within  a  few  days 
of  its  occurrence,  a  dislocation  is  looked  upon  as  recent ;  but 
when  several  weeks  or  months  have  elapsed,  it  is  spoken  of 
as  an  old-standing  dislocation.  The  latter  will  be  described 
on  p.  470. 

Dislocations,  like  fractures,  may  be  complicated  by  injuries 
to  large  blood-vessels  or  nerve-trunks,  by  injuries  to  internal 
organs,  or  by  a  wound  of  the  soft  tissues  which  does  not  com- 
municate with  the  joint.  Further,  a  fracture  may  coexist  with 
a  dislocation. 

Clinical  Features. — The  most  characteristic  signs  of  disloca- 
tion are  preternatural  rigidity,  or  want  of  movement  where 
movement  should . naturally  take  place;  mohility  in  abnormal 
directions;  and  deformity,  the  part  being  "out  of  drawmcr" 
as  compared  with  the  uninjured  side  (Fig.  129).  The  bony 
landmarks  lose  their  normal  relationship  to  one  another ;  and 
the  deformity  is  characteristic,  and  is  common  to  all  examples 
of  the  same  dislocation. 

Although  any  of  the  subsidiary  signs  may  occur  in  lesions 
other  than  dislocations,  due  weight  must  be  given  to  them  in 
makmg  a  diagnosis.  Loss  of  function  is  complete  as  a  rule 
iatra  is  much  more  intense  than  in  fracture,  usually  because 
the  displaced  bone  presses  upon  nerve-trunks,  and  from  the 
same  cause  there  is  often  numbness  and  partial  paralysis  of 
the  hmb  beyond.  Sivelling  of  the  soft  parts  due  to  effused 
blood  IS  usually  less  marked  in  dislocation  than  in  fracture 
but  IS  often  sufficiently  great  to  interfere  with  diagnostic 
manipulations.  The  displaced  bone,  and  sometimes  the  emptv 
socket,  may  be  palpable.  Discoloration  is  usually  later  of 
appearing  than  in  fractures.  Alteration  in  the  lennth  of  the 
injured  limb-usually  in  the  direction  of  shortening— is  a  verv 
constant  feature;  while  girth  measurements  commonly  show  an 
ncrease.  A  peculiar  soft  grating  or  creaking  sensation  is  often 
lelt  on  attempting  to  move  the  joint;  this  is  due  to  car 


468 


INJURIES  OF  JOINTS 


tilaginous  or  ligamentous  structures  rubbing  on  one  another, 
and  must  not  be  mistaken  for  the  crepitus  of  fracture.  In  the 
great  majority  of  cases,  although  not  in  all,  after  reduction  has 
been  effected,  the  bones  retain  their  proper  relations  with- 
out external  support,  a  point  in  which  a  dislocation  differs  from 
a  fracture.  A  careful  investigation  of  the  kind  of  force  which 
produced  the  injury,  particularly  as  regards  its  intensity  and 
direction  of  action,  may  aid  in  the  diagnosis.  The  diagnosis 
can  always  be  verified  by  the  use  of  the  Rontgen  rays,  and 
this  should  be  had  recourse  to  whenever  possible. 

Prognosis. — After  having  once  been  dislocated,  a  joint  is 
seldom  as  strong  as  it  was  formerly,  although  for  all  practical 
purposes  the  limb  may  be  as  useful  as  ever.  Some  degree  of 
stiffness,  of  limited  movement,  or  of  muscular  weakness,  and 
occasional  arthritic  pains  and  a  liability  to  re-dislocation,  are 
the  commonest  sequelae.  Prolonged  immobilisation  is  liable 
to  lead  to  stiffness  by  permitting  of  the  formation  of  adhesions, 
or  of  fibrous  thickenings  of  tendons  or  ligamerits  ;  while  too 
early  movement  tends  to  produce  a  laxity  of  the  ligaments 
which  favours  re-displacement  from  slight  causes. 

Treatment. — Reduction  should  be  attempted  at  the  earliest 
possible  moment.  Every  hour  of  delay  increases  the  difficulty. 
The  guiding  principle  is  to  cause  the  displaced  bone  to  re-enter 
its  socket  by  the  same  route  as  that  by  which  it  left  it — that 
is,  through  the  existing  rent  in  the  capsule.  This  is  done  by 
carrying  out  certain  manipulations  which  depend  upon  the 
anatomical  arrangement  of  the  parts,  and  which  vary,  not  only 
with  different  joints,  but  also  with  different  varieties  of  dis- 
location of  the  same  joint.  In  general  terms  it  may  be  said 
that  the  main  impediments  to  reduction  are :  the  contraction 
of  the  muscles  acting  upon  the  displaced  bone ;  the  entangle- 
ment of  the  bone  among  tendons  or  ligamentous  bands  which 
fix  it  in  its  abnormal  position;  and  the  rent  in  the  capsule 
being  small  or  valvular,  so  that  it  forms  an  obstacle  to  the  bone 
re-entering  the  socket.  ,    •  • 

Muscular  contraction  is  best  overcome  by  the  administration 
of  a  general  anaesthetic,  and  in  all  but  the  simplest  cases  this 
should  be  given  to  ensure  accurate  and  painless  reduction. 
Failing  this,  however,  the  muscles  may  be  wearied  out  by  the 
surgeon  making  steady  and  prolonged  traction  on  the  Innb 
while  an  assistant  makes  counter-extension  on  the  proximal 
segment  of  the  joint.  Advantage  may  also  be  taken  of  such 
muscular  relaxation  as  occurs  when  the  patient  becomes  faint, 
or  when  his  attention  is  diverted  from  the  injured  part,  to 
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carry  out  the  manipulations  necessary  to  restore  the  bone  to  its 
normal  position. 

The  appropriate  manceuvres  for  disengaging  the  head  of  the 
bone  from  tendons,  ligaments,  or  bony  processes  with  which  it 
may  be  entangled,  will  be  suggested  by  a  consideration  of  the 
anatomy  of  the  particular  joint  involved,  and  will  be  described 
with  individual  dislocations. 

It  cannot  be  urged  too  strongly  that  any  mechanical 
apparatus  in  the  form  of  pulleys,  levers,  or  fulcra  is  only  to  be 
used  in  exceptional  cases  and  with  the  greatest  care  and  caution. 
In  reducing  a  dislocation,  no  amount  of  physical  force  will 
compensate  for  a  want  of  anatomical  knowledge.  All  tuo-mno- 
twisting,  or  wrenching  movements  are  to  be  avoided,  as  they 
are  liable  to  cause  damage  to  blood-vessels,  nerves,  or  other 
soft  parts,  or  even — and  especially  in  old  people — to  fracture 
one  of  the  bones  concerned. 

Great  benefit  is  gained  by  the  systematic  use  of  massage  and 
movement.  Before  any  restraining  apparatus  is  applied  the 
whole  region  around  the  joint  should  be  gently  stroked  in  a 
centrifugal  direction  for  fifteen  or  twenty  minutes ;  and  this  is 
to  be  repeated  daily,  each  sitting  lasting  for  about  twenty 
minutes.  From  the  first  day  onward  movement  of  the  joint  is 
carried  out  in  every  direction,  except  that  which  tends  to  bring 
the  head  of  the  bone  against  the  injured  part  of  the  capsule ; 
and  the  patient  is  encouraged  to  use  the  joint  as  early  as 
possible.  The  appropriate  apparatus  and  the  period  during 
which  it  should  be  worn  will  be  considered  with  the  individual 
dislocations. 

Operation  in  Simple  Dislocations.~ln  a  limited  number  of 
cases,  even  with  the  aid  of  an  anesthetic,  reduction  by 
manipulation  is  found  to  be  impossible.  Eesort  must  then  be 
had  to  operation,  which  under  aseptic  conditions  is  a  com- 
paratively safe  and  satisfactory  proceeding,  although  often 
aithcult.  It  may  happen  that  the  undoing  of  the  displacement 
is_  only  possible  after  the  removal  of  a  portion  of  one  or  other 
01  the  bones. 

Compound  Dislocations.— Compound  dislocations  are  usually 
tJie  result  of  extreme  violence  produced  by  machinery  or 
railway  accidents,  or  by  a  fall  from  a  height.  In  the  maioritv 
ot  cases  they  are  complicated  by  fracture  of  one  or  more  of 
he  constituent  bones  of  the  joint,  as  well  as  by  laceration  of 
muscles,  tendons,  and  blood-vessels.    In  the  region  of  the 

Snfrnn'*^'  ^'''^  J'r*^'  compound 
dislocation  is  sometimes  met  with  uncomplicated  by  other 
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lesions.  The  great  risk  is  septic  infection,  which  may  result 
in  serions  impairment  of  the  usefnlness  of  the  joint  or  even 
in  its  complete  destruction,  results  towards  which  the  con- 
comitant injuries  materially  contribute.  In  many  instances 
where  septic  infection  has  occurred,  ankylosis  is  the  best  result 
that  can  be  hoped  for. 

Treatment.  ■ —  As  a  rule,  the  first  question  that  arises  is 
whether  amputation  is  necessary  or  not,  and  the  considerations 
that  determine  this  point  are  the  same  as  in  the  case  of 
compound  fractures  (p.  451). 

When  an  attempt  is  to  be  made  to  save  the  limb,  the 
dislocation  is  reduced  after  the  parts  have  been  thoroughly 
purified,  and  to  admit  of  this  it  is  sometimes  necessary  to 
excise  portions  of  bone.  Drainage-tubes  are  inserted,  the  rest 
of  the  wound  closed,  and  a  retentive  apparatus  applied,  pro- 
vision being  made  for  dressing  the  wound. 

Dislocation  complicated  by  Fracture. — In  certain  disloca- 
tions the  separation  of  small  portions  of  bones  or  of  epiphyses 
is  of  almost  constant  occurrence — for  example,  fracture  of  the 
tip  of  the  coronoid  process  in  dislocation  of  the  elbow  back- 
wards, and  chipping  off  of  a  portion  of  the  edge  of  the 
acetabulum  in  dislocation  of  the  hip.  These  neither  add  to 
the  difficulties  of  diagnosis  nor  necessitate  any  modification  of 
the  treatment,  and  they  need  not  be  further  referred  to. 

The  commonest  example  of  a  fracture  complicating  a  dis- 
location is  fracture  of  the  neck  of  the  humerus  coexisting  with 
dislocation  of  the  shoulder.  Here  the  difficulty  of  diagnosis 
is  greatly  increased,  and  the  treatment  of  both  injuries 
requires  to  be  modified.  The  dislocation  must  be  reduced 
—by  operation  if  necessary— before  the  fracture  is  treated, 
and  in  many  cases  it  is  advisable  to  secure  the  fragments 
of  the  broken  bone  by  wires,  pegs,  or  plates,  to  admit  of  move- 
ment being  commenced  early,  and  so  to  prevent  stiffness  of 
the  joint. 

Old-standing  Dislocations.— When,  from  oversight  or  Irom 
unsuccessful  treatment,  a  dislocation  is  left  for  some  time  unre- 
duced, changes  take  place  in  and  around  the  joint  which  render 
replacement  by  manipulation  extremely  difficult  or  impossible. 
The  rent  in  the  capsule  closes  upon  the  neck  of  the  bone,  and 
fibrous  adhesions  form  between  muscles,  tendons,  and  other 
structures  that  have  been  torn.  The  articular  cartilage  of  the 
head,  being  no  longer  in  contact  with  an  opposing  cartilage, 
tends  to  be  converted  into  fibrous  tissue,  and  may  become 
adherent  to  other  fibrous   structures   in   its  vicinity.  Jij 
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pressing  on  adjacent  structures  it  may  form  for  itself  a  new 
socket  of  dense  fibrous  tissue  which  in  time  becomes  lined  with 
a  secreting  membrane.  AVhen  the  displaced  head  lies  against 
a  bone,  the  continuous  pressure  produces  a  new  osseous  socket, 
from  the  margins  of  which  osteophytic  outgrowths  may  spring, 
and  as  the  surrounding  fibrous  tissue  becomes  condensed  and 
forms  a  strong  capsule,  a  new  joint  results.  Meanwhile  the 
cartilage  of  the  original  socket  is  converted  into  fibrous  tissue, 
which  may  corne  to  fill  up  the  cavity.  Changes  resembling 
those  of  arthritis  deformans  may  occur.  The  large  blood- 
vessels and  nerves  in  the  vicinity  may  be  pressed  upon  or 
stretched  by  the  displaced  bone,  or  may  be  implicated  in 
fibrous  adhesions.  In  course  of  time  they  become  lengthened 
or  shortened  in  accordance  with  the  altered  attitude  of  the 
limb. 

In  many  cases  the  new  joint  is  remarkably  mobile  and 
useful;  but  in  others,  pain,  limited  movement,  and  atrophy 
of  muscles  render  it  comparatively  useless  and  call  for  surgical 
intervention. 

Treatment— It  is  always  a  diflficult  problem  to  determine 
the  date  after  which  it  is  inadvisable  to  attempt  reduction  by 
manipulation,  and  no  rules  can  be  laid  down  which  will  cover 
all  cases.  Eather  must  each  case  be  decided  on  its  own  merits 
due  consideration  being  had  to  the  risks  that  attend  this  line 
of  treatment.  The  chief  of  these  are :  rupture  of  large  blood- 
vessels or  nerves  that  have  formed  adhesions  with  the  displaced 
bone,  or  have  become  shortened  in  adaptation  to  the  altered 
shape  or  length  of  the  limb ;  tearing  of  muscles  or  tendons,  or 
€ven  of  skm ;  fracture  of  the  bone,  especially  in  old  people  • 
and  separation  of  epiphyses  in  the  young.  ' 

Before  carrying  out  the  manipulations  appropriate  to  the 
particular  dislocation,  all  adhesions  must  first  be  broken  down  • 
and  during  the  proceedings  no  undue  force  is  to  be  employed' 
it  IS  sometimes  found  that  the  displacement  is  prone  to  recur" 
even  alter  reduction  has  been  successfully  accomplished 

When  reduction  by  manipulation  is  inadvisable  or  has  been 
unsuccessful,  the  question  of  operation  arises.  In  this  connec- 
tion It  IS  to  be  borne  in  mind  that  even  with  an  open  wound 
the  replacement  of  the  bone  is  often  by  no  means  easy,  and  it 
may  be  necessary  to  excise  the  head  of  the  bone.  Before 
cleciding  to  operate,  however,  the  surgeon  must  consider  the 
.mount  of  disability  which  the  condition  entails,  and  to  wh 
extent  this  IS  hkely  to  be  improve.l  by  the  operation. 

Habitual  or  recurrent  dislocation  is  almost  exclusively  met 
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with  in  the  shoulder,  and  will  be  described  with  the  injuries  of 
that  joint. 

Pathological  Dislocations. — Joints  may  become  dislocated  in 
the  course  of  certain  diseases.  These  pathological  dislocations 
fall  into  three  groups  :  (1)  those  due  to  gradual  stretching  of 
the  capsular  and  other  ligaments  Aveakened  by  inflammatory 
and  suppurative  processes,  such  as  sometimes  follow  on  typhoid, 
scarlet  fever,  or  diphtheria,  and  in  pyaemia;  (2)  those  due  to 
destructive  changes  in  the  ligaments  and  bones — typically  seen 
in  tuberculous  arthritis,  in  arthritis  deformans,  and  in  Charcot's 
disease ;  (3)  those  associated  with  Deformities. 

These  will  be  considered  with  the  diseased  conditions  which 
give  rise  to  them. 

Congenital  Dislocations.  —  Congenital  dislocations  are  be- 
lieved to  be  the  result  of  abnormal  or  arrested  development  in 
utero,  and  are  to  be  distinguished  from  dislocations  occurring 
during  birth,  which  are  essentially  traumatic  in  origin.  They 
will  be  described  along  with  Deformities. 
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INJURIES  IN  THE  EEGION  OF  THE  SHOULDER 
AND  UPPER  ARM 

Surgical  Anatomy — Fractuees  of  Clavicle  :  F«n'c<Ms— Dislocations 
OF  Clavicle  :  Varieties — Dislocations  of  Shouldee  :  Varieties — 
Sprains  and  contusions  of  shoulder  —  Feactubes  of  ScAruLA  : 
Sites— Fractuees  of  Uppee  End  of  Humeeus  :  S-urgical  neck; 
Separation  of  epiphysis  ;  Fracture  of  head,  anatomical  neck,  or  tuber- 
osities— Fractures  of  Shaft  of  Humerus. 

The  injuries  met  with  in  the  region  of  the  shoulder  include 
fractures  and  dislocations  of  the  clavicle,  fractures  of  the 
scapula,  dislocations  and  sprains  of  the  shoulder-joint,  and 
fractures  of  the  upper  end  of  the  humerus. 

Surgical  Anatomy. — For  the  examination  of  an  injury  in  the  region  of 
the  shoulder  the  patient  should  be  seated  on  a  low  stool  or  chair.  After 
inspecting  the  parts  from  the  front,  the  surgeon  stands  behind  the  patient 
and  systematically  examines  by  palpation  the  shoulder  girdle  and  upper 
end  of  the  humerus.  The  uninjured  side  should  be  examined  along  with 
the  other  for  purposes  of  comparison. 

Immediately  external  to  the  supra-sternal  notch,  the  sterno-clavicular 
articulation  may  be  felt,  the  large  end  of  the  clavicle  projecting  beyond 
the  margins  of  the  small  and  shallow  articular  surface  on  the  sternum. 
Any  dislocation  of  this  joint  is  at  once  recognised.  The  clavicle  beilig 
subcutaneous  throughout  its  whole  length,  any  irregularity  in  its  out- 
line can  be  easily  detected.  A  small  tubercle  (deltoid  tubercle)  which 
frequently  exists  near  the  acromial  end  is  liable  to  suggest  the  presence 
of  a  fracture.  The  outer  end  forms  with  the  acromion  the  acromio- 
clavicular joint,  which,  however,  is  not  always  readily  recognised.  The 
fingers  are  now  carried  over  the  acromion,  which  often  exhibits  in  the 
situation  of  its  epiphysial  cartilage  a  prominent  ridge,  which  must  not  be 
mistaken  for  a  fracture.  The  tip  of  the  acromion  is  usually  employed  as 
a  fixed  point  in  measuring  the  length  of  the  arm. 

The  outline  of  the  spine  of  the  scapula  can  be  traced  back  to  the 
vertebral  border  ;  and  the  body  of  the  bone  may  be  manipulated,  and  its 
movements  tested  by  moving  the  arm. 

The  coracoid  process  can  be  recognised  in  the  upper  and  outer  angle 
of  the  triangular  depression  bounded  by  the  pectoralis  major,  the  deltoid, 
and  the  clavicle.  ' 
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The  head  and  surgical  neck  of  bhe  humerus  may  now  be  felt  from  the 
axilla,  if  the  axillary  fascia  is  relaxed  by  bringing  the  arm  to  the  side. 
The  great  tuberosity  can  be  indistinctly  felt  on  the  outer  aspect  of  the 
shoulder  through  the  fibres  of  tlie  deltoid.  It  lies  vertically  above  the 
external  condyle,  and  may  be  recognised  to  rotate  with  the  shaft.  The 
bicipital  groove  looks  forward,  and  lies  in  a  line  drawn  vertically  through 
the  biceps  muscle. 

The  subcla,vian  artery,  with  its  vein  to  the  inner  side  and  the  cords 
of  the  brachial  plexus  to  the  outer  side,  passes  under  the  middle  of  the 
clavicle,  and  may  be  compressed  against  the  first  rib  immediately  above 
this  bone. 

Fracture  of  the  Clavicle 

•  Fracture  of  the  clavicle  is  one  of  the  commonest  injuries  met 
with  in  practice.  As  about  one-third  of  the  cases  occur  in 
children,  the  fracture  is  often  of  the  greenstick  variety. 
The  fractures  are  seldom  compound  or  complicated,  unless 


Fig.  120.— Oblique  Fracture  of  Eight  Clavicle  in  Middle  Third,  united. 


as  a  result  of  gun-shot  injuries ;  but  occasionally  one  of  the 
fragments  pierces  the  skin,  or  comes  to  press  upon  the 
subclavian  vessels  or  the  cords  of  the  brachial  plexus,  arrest- 
ing the  pulsation  in  the  vessels  of  the  limb,  and  causing  severe 
pain  in  the  arm. 

The  most  common  site  of  fracture  is  in  the  middle  third 
(Fig.  120),  and  this  usually  results  from  indirect  violence,  such 
as  a  fall  on  the  outstretched  hand,  the  elbow,  or  the  outer 
aspect  of  the  shoulder,  the  force  being  transmitted  through  the 
glenoid  cavity  to  the  scapula,  and  thence  by  the  coraco-clavicular 
ligaments  to  the  clavicle.  The  violence  is  therefore  of  a 
twisting  character,  and  the  bone  gives  way  near  the  junction 
of  the  outer  and  middle  thirds,  just  where  the  two  natural 
curves  of  the  bone  meet,  and  where  the  supporting  muscular 
and  ligamentous  attachments  are  weakest. 

The  fracture  so  produced  is  usually  oblique  from  above, 
downwards  and  inwards.    The  sternal  fragment  may  be  slightly 
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draAvn  upwards  by  the  clavicular  fibres  of  the  sterno-mastoid, 
while  the  outer  fragment  falls  by  the  weight  of  the  arm,  and 
the  fragments  usually  overlap  to  the  extent  of  about  half  an 
inch.  The  shoulder,  having  lost  the  buttressing  support  of  the 
clavicle,  falls  in  towards  the  chest  wall,  narrowing  the  axillary 
space,  while  the  weight  of  the  arm  pulls  it  downward,  and  the 
muscles  inserted  in  the  region  of  the  bicipital  groove  pull  it 
forward. 

Fracture  of  the  middle  third  may  result  also  from  a  direct 
stroke,  such  as  the  recoil  of  a  gun,  or  from  violent  muscular 
contraction,  the  fracture  as  a  rule  being  transverse,  and 
the  displacement  less  marked  than  in  fracture  by  indirect 
violence. 

Clinical  Features. — The  attitude  of  the  patient  is  char- 
acteristic :  the  elbow  is  flexed  and  is  supported  by  the  opposite 
hand,  while  the  head  is  inclined  towards  the  affected  shoulder 
to  relax  the  muscles  of  the  neck.  Crepitus  is  elicited  on 
bracing  back  the  shoulders,  or  on  attempting  to  raise  the  arm 
beyond  the  horizontal,  and  these  movements  cause  pain. 
Tenderness  is  elicited  on  making  pressure  over  the  seat  of 
fracture,  and  also  on  distal  pressure.  The  sternal  fragment 
almost  invariably  overrides  the  acromial,  and  can  usually  be 
palpated  through  the  skin  ;  on  measurement,  the  clavicle  is 
found  to  be  shortened.  When  the  fracture  is  incomplete 
(greenstick)  or  transverse,  the  symptoms  are  less  marked. 

Simultaneous  fradiure  of  both  clavicles  usually  results  from  a 
severe  transverse  crush  of  the  upper  part  of  the  thorax  or  from 
a  fall  on  the  outstretched  hands.  The  middle  third  of  the  bone 
is  implicated,  and  there  is  marked  displacement  and  overriding. 
The  patient  is  rendered  helpless,  and  from  the  extrinsic  muscles 
of  respiration  being  thrown  out  of  action,  and  the  weight  of 
the  powerless  limbs  pressing  on  the  chest,  he  has  consider- 
able difficulty  in  breathing,  and  this  is  often  increased  by 
the  fracture  being  complicated  by  injuries  of  the  lung  or 
pleura. 

Fracture  of  the  oider  third  of  the  clavicle  is  much  less 
common,  and  usually  results  from  direct  violence,  the  bone 
being  driven  down  against  the  coracoid  process,  and  broken  as 
one  breaks  a  stick  over  the  knee.  The  fracture  may  take  place 
through  the  attachment  of  the  conoid  and  trapezoid  ligaments, 
in  which  case  the  only  symptoms  are  pain  and  tenderness  at 
the  seat  of  fracture,  with  impaired  movement  of  the  limb. 
Displacement  and  crepitus  are  prevented  by  the  splinting  action 
of  the  ligaments. 
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When  the  break  is  external  to  tlie  attachment  of  the 
trapezoid  ligament,  the  fracture  is  usually  transverse,  and 
is  almost  always  due  to  a  fall  on  the  back  of  the  shoulder 
—  the  angle  between  the  spine  and  the  acromion  process 
striking  the  ground.  The  outer  fragment  rotates  forward 
(Fig.  121),  sometimes  even  to  a  right  angle,  causing  the  tip 
of  the  shoulder  to  pass  forwards,  and  so  to  lie  slightly 
nearer  the  middle  line.  The  integrity  of  the  coraco-clavicular 
ligaments  prevents  any  marked  drooping  of  the  shoulder. 
It  is  noteworthy  that  the  displacement  is  not  always  evident 
at  first. 

Fractures  of  the  inner  third  are  rare,  are  usually  oblique, 
and  result  either  from  an  indirect  force  acting  in  the  line 


Fig.  121. — Fracture  of  Outer  Eud  of  Clavicle.    Shows  forward  rotation  of 
outer  fragment,  and  line  of  fracture  united  by  osseous  callus. 

of  the  clavicle,  or,  less  frequently,  from  direct  violence  or 
muscular  action.  As  a  rule,  the  deformity  is  insignificant, 
except  when  the  costo-clavicular  ligament  is  torn,  in  which  case 
the  inner  end  of  the  outer  fragment  is  tilted  up  by  the  Tveight 
of  the  arm.  The  shoulder  passes  downwards,  forwards,  and 
inwards.  "When  close  to  the  sternal  end,  this  fracture  may 
simulate  a  dislocation  of  the  sterno-clavicular  joint  or  a 
separation  of  the  clavicular  epiplujsis.  This  last  is  a  very  rare 
accident,  Avhich  may  occur  between  the  seventeenth  and  the 
twenty-fifth  years,  and  is  usually  the  result  of  violent  muscular 
action.  It  differs  from  the  other  injuries  in  this  region  in 
being  more  easily  reduced  and  retained  in  position,  the  epiphysis 
lying  entirely  within  the  limits  of  the  capsular  ligament  of  the 
sterno-clavicular  joint. 

The  prognosis  as  to  union  in  all  these  injuries  is  good. 
Firm   bony  union  usually  occurs  within  twenty -one  days. 
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Non-union,  false-joint,  or  fibrous  union  is  but  rarely  met 
with.  At  the  same  time  it  is  to  be  borne  in  mind  that, 
in  spite  of  all  precautions,  some  deformitj^  and  shortening 
may  result,  without,  however,  interfering  with  the  usefulness 
of  the  limb. 

Treatment. — The  displacement  in  complete  fractures  of  the 
clavicle  is  readily  reduced  by  supporting  the  elbow,  bracing 
back  the  shoulders,  and  levering  out  the  tip  of  the  affected 
shoulder.  In  a  few  cases  the  interposition  of  some  fibres  of 
the  subclavius  muscle  be- 
tween the  fragments  has  pre- 
vented perfect  reduction. 

In  the  greenstick  variety  the 
bone  may  be  bent  back  into 
its  normal  position,  but  no 
great  force  should  be  em- 
ployed,  as,  in  spite  of  imper- 
fect reduction,  the  clavicle 
usually  straightens  as  it 
grows,  and  although  some 
deformity  may  persist,  the 
function  of  the  limb  is  not 
interfered  with. 

Treatment  in  the  Recumbent 
Position.  —  There  is  little 
doubt  that  the  most  perfect 
aesthetic  results  are  obtained 
by  treating  the  patient  in  the 
recumbent  position.  In  the 
case  of  girls,  therefore,  in 
whom  it  is  desired  that  the 
shoulders  should  be  perfectly 
symmetrical,  the  best  method 

of  treatment  is  to  place  the  patient  on  a  firm  mattress,  with  a 
narrow,  firm  cushion  between  the  shoulder-blades,  so  that  the 
weight  of  the  shoulder  may  carry  the  acromial  fragment  out- 
wards and  backwards.  A  pad  is  inserted  in  the  axilla,  the 
elbow  raised,  and  the  arm  placed  by  the  side  on  a  pillow  and 
steadied  with  sand-bags.  Massage  is  applied  daily.  As  this 
position  must  be  maintained  uninterruptedly  for  two  or  three 
weeks,  it  proves  too  irksome  for  most  patients.  When  both 
clavicles  are  fractured,  however,  it  is,  short  of  operation,  the 
only  available  method  of  treatment,  and  the  patient  must  be 
•carefully  nursed  to  prevent  him  moving  the  arms. 


Fig. 


122. — Adhesive  plaster  applied  for 
Fracture  of  Clavicle. 
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In  ordinary  cases  the  arm  should  be  placed  in  that  position 
which  gives  the  best  alignment  of  the  fragments  and  least 
deformity.  A  thin  layer  of  wool  is  placed  in  the  axilla  to 
separate  the  skin  surfaces.  A  sling,  supporting  the  elhmv,  is 
now  applied,  maintaining  the  arm  in  position,  and  a  body 
bandage  fixes  the  arm  to  the  side.  Massage  and  movement 
should  be  commenced  at  once. 

A  simple  method,  which  yields  satisfactory  results,  is  that 
suggested  by  Wharton  Hood.  The  fracture  having  been 
reduced,  three  strips  of  adhesive  plaster,  each  an  inch  and  a 
half  wide,  are  applied  from  a  point  immediately  above  the 


Pig.  123. — Duncan's  modification  of  Sayre's  Method  of  treating  Fracture 
of  Clavicle.    The  circv.lar  body  bandage  has  still  to  be  applied. 


nipple  to  a  point  two  inches  below  the  angle  of  the  scapula 
(Fig.  122).  The  middle  strap  covers  the  seat  of  fracture,  and 
should  be  applied  first ;  the  lateral  ones,  slightly  overlapping  it, 
should  extend  about  half  an  inch  on  either  side.  The  elbow  is 
supported  in  a  sling.  This  plan  has  the  advantage  that  it 
permits  of  movement  of  the  shoulder  being  carried  out  from 
the  first,  but  the  plaster  rather  interferes  with  the  massage. 

Sayre's  method,  which  is  specially  adapted  to  fractures  of 
the  middle  third,  although  applicable  to  all,  consists  in  applying 
broad  strips  of  adhesive  plaster  in  such  a  way  as  to  correct  the 
threefold  deformity.  While  it  is  excellent  in  principle,  it  is 
often  found  troublesome  in  practice,  as  the  plaster  is  uncom- 
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fortable,  and  if  it  becomes  slack  and  fails  to  correct  the 
deformity,  must  be  completely  removed  and  reapplied.  These 
difficulties  may  to  some  extent  be  overcome  by  adopting 
Duncan's  modification,  which  consists  in  employing  a  broad 
domette  bandage  in  place  of  the  adhesive  plaster.  A  layer  of 
wool  is  placed  in  the  axilla  to  keep  the  skin  surfaces  apart.  A 
wide  loop  is  made  on  the  end  of  the  bandage,  and  passed  round 
the  middle  of  the  upper  arm  (Fig.  123),  care  being  taken  that 
the  limb  is  not  constricted.  The  arm  is  pulled  backward  by 
carrying  the  bandage  across  the  back,  under  the  opposite  axilla, 
and  round  the  thorax  as  far  as  the  elbow.    It  is  next  looped 


Fig.  124.— Chiene's  Method  of  treating  Fracture  of  Clavicle. 


round  the  back  of  the  elbow,  close  above  the  condyles,  and  by 
being  carried  across  the  front  of  the  chest  to  the  opposite 
shoulder  pulls  the  elbow  forward  and  inward,  and  so  levers 
the  shoulder  backward  and  outward  on  the  fulcrum  formed  by 
the  loop  round  the  upper  arm.  The  next  turn  corrects  the 
downward  displacement  by  passing  across  the  back,  under  the 
tip  of  the  elbow— a  slit  being  made  in  the  bandage  opposite 
the  olecranon  process— and  along  the  forearm  to  the  opposite 
shoulder.  A  circular  body  bandage  is  applied  over  all  these 
turns,  and  safety-pins  inserted  at  the  crossings. 

"Lay  the  tail  of  the  bandage  on  the  hand  (Fig.  124); 
carry  it  down  the  back  of  the  forearm,  round  the  elbow,  up  the 
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upper  arm  to  the  tip  of  the  acromion  (2),  across  the  back  to  the 
opposite  axilla,  across  the  forearm  (3),  round  the  elbow  again, 
xip  the  upper  arm,  then  round  below  the  deltoid  (4),  and 
across  the  back  to  the  opposite  shoulder  (5),  repeating 'these 
turns  as  often  as  is  necessary.  Last  of  all,  fix  the  arm  to  the 
side  by  circular  turns  "  (John  Chiene). 

The  Handkerchief  Method. — In  cases  of  emergency,  one  of 
the  best  methods  applicable  to  all  fractures  of  the  clavicle  is  to 
brace  back  the  shoulders  by  means  of  two  padded  handkerchiefs, 
folded  en  cravate,  placed  well  over  the  tips  of  the  shoulders  and 
tied,  or  interlaced,  between  the  scapulae.  The  forearm  is  then 
supported  by  a  third  handkerchief  applied  as  a  sling,  the  base 
of  which  is  placed  under  the  elbow,  the  ends  passing  over  the 
sound  shoulder. 

Operative  treatment  may  be  called  for  in  compound  or 
comminuted  fractures  when  the  fragments  have  injured,  or  are 
likely  to  injure,  [the  subclavian  vessels  or  the  cords  of  the 
brachial  plexus,  or  when  it  is  otherwise  impossible  to  reduce 
the  fracture  or  to  retain  the  fragments  in  apposition.  It  is 
also  indicated  in  some  cases  of  fracture  of  both  clavicles.  Silver 
wire  or  silk- worm  gut  is  the  most  suitable  material  for  suture. 
Massage  and  movement  are  employed,  as  in  simple  fractures. 

These  various  methods  of  treatment  are  not  equally  applicable 
to  all  cases.  In  our  experience,  in  the  circumstances  indicated, 
the  following  methods  have  proved  the  most  satisfactory  : — (1) 
As  a  temporary  means  of  retention  in  emergency  cases,  for 
example,  accidents  occurring  on  the  football  field,  the  hand- 
kerchief method.  (3)  In  uncomplicated  fractures  of  average 
severity  in  any  part  of  the  bone,  the  method  of  sling  and  body 
bandage.  (3)  In  cases  where,  for  esthetic  reasons,  the  chief 
consideration  is  the  avoidance  of  deformity  and  the  main- 
tenance of  the  symmetry  of  the  shoulders,  as  in  girls,  the 
treatment  by  recumbency.  (4)  When  retentive  apparatus 
fails,  or  when  the  fragments  are  exerting  injurious  pressure, 
operative  treatment. 

Dislocations  of  the  Clavicle 

Dislocation  of  the  acromial  end — sometimes,  and  perhaps 
more  correctly,  spoken  of  as  dislocation  of  the  scapula — is  more 
frequent  than  that  at  the  sternal  end,  and  it  usually  results 
from  a  bloAV  from  behind,  or  from  a  fall  on  the  tip  of  the 
shoulder,  driving  down  the  scapula,  so  that  the  clavicle  projects 
upwards  and  overrides  the  acromion  process. 
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Doionward  displacement  of  the  outer  end  of  the  clavicle  is 
much  rarer,  and  may  follow  a  fall  on  the  elbow  or  a  blow  over 
the  clavicle.  The  end  of  the  bone  lies  under  the  acromion 
process,  in  contact  with  the  capsule  of  the  shoulder-joint,  and 
the  acromion  stands  out  prominently. 

The  clinical  features  are  so  well  marked  that  the  diagnosis 
is  unmistakable.  The  head  inclines  towards  the  aflfected  side, 
and  the  tip  of  the  shoulder  tends  to  pass  slightly  downward, 
forward,  and  inward.  The  displaced  end  of  the  bone  can  be 
seen  and  felt  as  a  prominence  under  the  skin  (Fig.  125),  or  the 


Fig.  125.— Dislocation  of  Acromial  End  of  Left  Clavicle  upwards. 

empty  socket  can  be  palpated,  while  the  muscles  attached  to 
the  displaced  clavicle  stand  out  in  relief.  The  movements  at 
the  shoulder  are  restricted,  particularly  in  the  direction  of 
abduction  above  the  level  of  the  shoulder.  These  injuries  are 
sometimes  associated  with  fracture  of  the  ribs,  a  complication 
which  adds  materially  to  the  difficulties  of  treatment 

rre«/'me?«^  —Reduction  is  easily  effected  by  bracing  back  the 
shoulders  and  replacing  the  bone  in  its  socket  by  manipulation  ■ 
but  retention  is  invariably  difficult,  and  in  many  cases  im- 
possible;  even  when  the  displacement  is  permanent,  however 
tne  usefulness  of  the  arm  is  not  necessarily  impaired 

Treatment  is  similar  to  that  for  fracture  of  tlie  clavicle 
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by  sling  and  body  bandage.  Another  plan  is  to  place  an 
elastic  pad,  such  as  a  Turkey  sponge,  over  the  outer  end  of 
the  clavicle,  and  fix  it  in  this  position  hy  a  few  turns  of  elastic 
bandage  carried  over  the  shoulder  and  under  the  elbow.  The 
forearm  is  placed  in  a  sling  with  the  elbow  well  supported,  and 
the  arm  is  bound  to  the  side  by  a  circular  bandage  (Fig.  126). 
When  the  bone  cannot  be  kept  in  position  and  the  usefulness 
of  the  limb  is  impaired,  the  joint  surfaces  may  be  rawed  and 
the  bones  wired,  with  a  view  to  obtaining  ankylosis. 
1 1  The  sternal  end  may  be  dislocated  forwards,  backwards,  or 
upwards, 


Forward  dislocation 


is  the  most  common;  the  end  of  the 


clavicle  lies  on  the  front  of  the  sternum, 
somewhat  below  the  level  of  the 
sterno-clavicular  joint,  and  its  articular 
surface  can  be  distinctly  palpated  (Fig. 
127).  The  inter  -  articular  cartilage 
sometimes  remains  attached  to  one 
bone,  sometimes  to  the  other;  the 
rhomboid  ligament  is  usually  intact. 

In  the  hackward  dislocation  the  end 
of  the  clavicle  lies  behmd  the  manu- 
brium sterni  and  the  muscles  attached 
to  it ;  there  is  a  marked  hollow  in  the 
position  of  the  joint,  and  the  facet  on 
the  sternum  can  be  felt.  In  a  com- 
paratively small  number  of  cases  the 
bone  exerts  pressure  upon  the  trachea 
and  oesophagus,  producing  difficulty 
in  breathing  and  swallowing.  It  has 
also  been  known  to  press  upon  the 
subclavian  artery  and  on  other  im- 
portant structures  at  the  root  of  the 
neck. 

In  rare  cases  the  rhomboid  ligament  is  torn,  and  the  end  of 
the  clavicle  passes  upioards,  and  rests  in  the  episternal  notch 
behind  the  sterno-mastoid  muscle. 

The  bone  may  be  retained  in  position  by  keepmg  the 
shoulders  braced  back  by  a  figure-of-eight  bandage  or  by 
padded  handkerchiefs,  and  making  pressure  over  the  displaced 
end  of  the  bone  with  a  sponge-pad.  The  forearm  is  supported 
by  a  sling,  and  the  arm  fixed  to  the  side.  Mag^age  is  employed 
from  the  first,  and  the  patient  is  allowed  to  move  the  arm  by 
the  end  of  a  week.    Imperfect  reduction  interferes  so  little 


Fig.  126. — Treatment  of 
Upward  Dislocation  of 
Acromial  Eud  of  Clavicle. 
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with  the  functions  of  the  limb,  that  operative  measures  are 
seldom  required  except  for  {esthetic  reasons. 

Dislocation  of  both  ends  of  the  clavicle  has  occasionally 
occurred  from  a  severe  crush.  The  ultimate  result  has  been 
satisfactory,  as  one  or  other  end  has  always  healed  in  normal 
position,  and  the  function  of  the  arm  has  thus  been  maintained. 


Fig.  127. -Forward  Dislocatiou  of  Sternal  End  of  Right  Clavicle. 


Dislocations  of  the  Shoulder 

The  shoulder  is  more  frequently  dislocated  than  all  the 
other  jomts  m  the  body  taken  together.  This  is  explained  bv 
s  exposed  position,  the  wide  range  of  movement  of  which  it 
IS  capable,  the  length  of  the  lever  afforded  by  the  humerus 
and  the  anatomical  construction  of  the  joint-the  large,  round 
humeral  head  imperfectly  fitting  the  sinall  and  shallow  glei  oW 
cavity,  and  the  ligaments  being  comparatively  lax  and  thin 
The  capsule  of  the  joint  is  materially  strengthened  in  its  xwvev 
and  back  parts  by  the  tendons  of  tlfe  supr.a-  and  in  ra  i 
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and  teres  minor  muscles ;  while  it  is  weakest  below  and  in 
front,  between  the  subscapularis  and  teres  major  tendons.  It 
is  here  that  it  most  frequently  gives  way  and  allows  of  escape 
of  the  head  of  the  bone. 

The  violence  is  usually  transmitted  from  the  hand  or 
elbow,  less  frequently  from  the  outer  aspect  of  the  shoulder, 
the  limb  being  usually  abducted  and  the  muscles  relaxed 
and  taken  unawares.  The  head  of  the  humerus,  thus 
brought  to  bear  on  the  weakest  part  of  the  capsule,  ruptures 
it  and  passes  out  through  the  rent.  Dislocation  is  readily 
produced  in  an  unconscious  person,  as  for  example  in  con- 
ducting artificial  respiration  in  a  patient  suffering  from  opium 
poisoning. 

Varieties. — Several  varieties  of  dislocation  are  recognised, 
according  to  the  position  in  which  the  head  of  the  humerus 
finally  rests  (Fig.  128).  The  simplest  of  these  is  the 
suh-glenoid  variety,  in  which  the  head  rests  on  the  long 
tendon  of  the  triceps  where  it  arises  from  the  axillary  border 
of  the  scapula  just  below  the  glenoid  cavity.  In  almost  all 
dislocations  of  the  shoulder  the  head  of  the  bone  is  at  least 
momentarily  in  this  position,  but  the  sharp  edge  of  the 
scapula  and  the  rounded  head  are  ill  adapted  to  one  another, 
and  the  position  is  not  long  maintained.  The  subsequent 
course  taken  by  the  humerus  depends  upon  the  nature  and 
direction  of  the  force,  the  position  of  the  limb  at  the  moment 
of  injury,  and  the  relative  strength  and  capacity  for  efi^ective 
action  of  the  different  groups  of  muscles  acting  upon  the  bone. 

In  the  great  majority  of  cases  it  passes  forward  and 
inward,  and  comes  to  lie  against  the  anterior  surface  of  the 
neck  of  the  scapula,  under  cover  of  the  tendons  of  origin  of 
the  biceps  and  coraco-brachialis  muscles,  constituting  the  sub' 
coracoid  dislocation.  Much  less  frequently  it  passes  still 
farther  in  and  lies  under  cover  of  the  pectoralis  minor  and 
ac^ainst  the  edge  of  the  clavicle— the  suh-clavicular  variety. 
In  rare  cases  the  head  passes  backward  and  lies  agamst  the 
spine  on  the  dorsum  of  the  scapula,  beneath  the  infra- 
spinatus muscle— the  subspinous  variety.  Other  varieties  are 
so  rare  that  they  do  not  call  for  special  mention. 

Clinical  Features  common  to  all  Farje«?es.— Dislocations 
of  the  shoulder  are  commonest  in  adult  males ;  in  advanced 
life  the  proportion  of  female  sufferers  increases.  The.y  are 
usually  attended  with  great  pain,  and  there  is  « fen  numbnes 
of  the  limb  due  to  pressure  of  the  head  of  the  bone  upon 
the  large  nerve-trunlcs.    There  is  sometimes  considerable  shock. 
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The  patient  inclines  his  head  towards  the  injured  side,  and, 
while  standing,  the  forearm  is  sujjported  by  the  hand  of  the 
opposite  side.    The  acromion  process  stands  out  prominently, 
the  roundness  of  the  shoulder  giving  place  to  a  flattening  or 
depression  immediately  below  it,  so  that  a  straight-edge  applied 
to  the  outer  aspect  of  the  limb  touches  both  the  acromion 
and  the  external  condyle.    The  vertical  circumference  of  the 
axilla  is  markedly  in- 
creased.    The  head  of 
the  bone  can  usually  be 
felt  in  its  new  position, 
and   the   axis   of  the 
humerus  is  correspond- 
ingly altered,  the  elbow 
being  carried  from  the 
side — forward  or  back- 
ward according  to  the 
position  of  the  head. 
The  empty  glenoid  may 
sometimes  be  palpated 
from    the   axilla.  In 
most  cases,  although  not 
in   all,  the   patient  is 
unable  at  one  and  the 
same  time  to  bring  his 
elbow  to  the  side  and 
to  place  his  hand  upon 
the   opposite  shoulder 
(Dugas'  symptom). 
Measurements    of  the 
length    of    the  limb 
from   acromion   to  ex- 
ternal condyle  are  rarely 
of  any  diagnostic  value. 

The  sub-coracoid  dis- 
location (Fig.  129)  is 
that  most  frequently  met  with.  It  usually  results  from 
hyper-abduction  of  the  arm  while  the  scapula  is  fixed,  as 
na  a  all  on  the  inner  side  of  the  elbow  when  the  arm  is 
abducted  froni  the  side.  The  surgical  neck  of  the  humerus 
IS  then  brought  to  bear  upon  the  under  aspect  of  the  acromion, 
which  forms  a  fulcrum,  and  the  head  of  the  bone  is  pressed 
against  the  inner  and  lower  part  of  the  capsule.  In  some 
cases  muscular  action  produces  this  dislocation;  it  may  also 


Fio.  128.— Diagram  of  most  common  vari- 
eties of  Dislocation  of  the  Shoulder. 
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result  from  force  applied  directly  to  the  upper  end  of  the 
humerus. 

The  head  leaves  the  capsule  through  the  rent  made  in  its 
lower  part,  and,  either  from  a  continuation  of  the  force  or 
from  contraction  of  the  muscles  inserted  into  the  bicipital 
groove,  particularly  the  great  pectoral,  passes  inwards  under 
cover  of  the  biceps  and  coraco-brachialis  till  it  comes  to  rest 
against  the  anterior  surface  of  the  neck  of  the  scapula,  just 


Fig.  129.  — Sub-coracoid  Dislocation  of  Left  Shoulder.    Note  flattening 
of  shoulder,  depression  of  axillary  fold,  and  attitude  of  patient. 

below  the  coracoid  process.  The  anatomical  neck  of  the 
humerus  presses  against  the  anterior  edge  of  the  glenoid,  and 
there  is  frequently  an  indentation  fracture  of  the  head  of  the 
humerus  where  the  two  bones  come  into  contact  (F.  ~M.  Caird). 
The  subscapularis  is  bruised  or  torn,  the  muscles  inserted  into 
the  great  tuberosity  are  greatly  stretched,  or  the  tuberosity 
itself  may  be  avulsed,  allowing  the  long  tendon  of  the  biceps 
to  slip  outwards,  where  it  may  form  an  impediment  to  reduc- 
tion.   The  circumflex  nerve  is  often  bruised  or  torn,  and  the 
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head  of  the  humerus  is  liable  to  press  injuriously  on  the 
axillary  nerves  and  vessels. 

The  dinical  features  common  to  all  dislocations  are  promi- 
nent, although  Dugas'  symptom  is  not  constant. 

Treatment. — The  guiding  principle  in  the  reduction  of  these 
dislocations  is  to  make  the  head  of  the  bone  retrace  the  course 
it  took  in  leaving  the  socket.  The  main  olDstacles  to  reduction 
being  muscular  contraction  and  the  entanglement  of  the  head 
with  tendons,  ligaments,  or  bony  points,  appropriate  means 
must  be  taken  to  counteract  each  of  these  factors. 

A  general  ansesthetic  is  an  invaluable  aid  to  reduction,  and 
should  be  given  unless  there  is  some  reason  for  withholding  it. 
It  is  specially  indicated  in  strong  muscular  subjects,  and  in 
nervous  patients  who  do  not  bear  pain  well,  and  particularly 
when  the  dislocation  has  existed  for  a  day  or  two.  In  quite 
recent  cases,  however,  the  surgeon  may  succeed  in  replacing 
the  bone  by  taking  advantage  of  a  temporary  faintness,  or  by 
engaging  the  patient's  attention  with  other  matters  while  he 
carries  out  the  appropriate  manipulations. 

When  an  ansesthetic  is  employed,  the  patient  should  be  laid 
on  a  mattress  on  the  floor,  or  on  a  narrow,  firm  table ;  otherwise 
he  should  be  seated  on  a  chair. 

Kocher's  method  is  suitable  for  the  great  majority  of  cases 
of  sub-coracoid  dislocation.  (1)  The  elbow  is  firmly  pressed 
against  the  side,  and  the  forearm  flexed  to  a  right  angle.  The 
surgeon  grasps  the  wrist  and  elbow  and  firmly  rotates  the 
humerus  otdioard  (Fig.  131)  till  distinct  resistance  is  felt  and 
the  deltoid  becomes  more  prominent.  In  this  way  the  rent  in 
the  lower  part  of  the  capsule  is  made  to  gape,  and  the  head  of 
the  humerus  rolls  outwards  till  it  lies  opposite  the  opening, 
rotation  taking  place  about  the  fixed  point  formed  by  the  con- 
tact of  the  anatomical  neck  of  the  humerus  with  the  anterior 
lip  of  the  glenoid  cavity  (D.  Waterston).  (2)  Ihe  elhoio  is  next 
carried  forward,  uijward,  and  toivards  the  middle  line  (Fig.  126); 
the  humerus  acting  as  the  long  arm  of  a  lever  on  the  fulcrum 
furnished  by  the  muscles  inserted  in  the  region  of  the  surgical 
neck,  the  head,  which  forms  the  short  arm  of  the  lever,  is 
carried  backward,  downward,  and  outward,  and  is  thus  directed 
towards  the  socket.  (3)  The  humerus  is  now  rotated  imvard 
by  carrying  the  hand  across  the  chest  towards  the  opposite 
shoulder  (Fig.  127).  Tlie  anatomical  neck  of  the  humerus  is 
thus  disengaged  from  the  edge  of  the  glenoid,  and  the  head 
is  pulled  into  the  socket  by  the  tension  of  the  surrounding 
muscles. 
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Fio.  130.-  Sub-coracoid  Dislocation  of  Humerus. 
(Mr.  Stiles'  case.   Radiogram  by  Dr.  Edmund  Price.) 
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A  method  of  reduction  has  been  formulated  by  A.  G.  Miller, 
which  we  have  found  to  be  quite  as  successful  as  Kocher's 
method.  The  limb  is  grasped  above  the  wrist  and  elbow,  the 
forearm  flexed  to  a  right  angle,  and  the  upper  arm  abducted  to 
the  horizontal.  While  an  assistant  makes  counter-extension 
and  fixes  the  scapula,  the  surgeon  gradually  draws  the  arm  out 
from  the  body  till  the  head  of  the  humerus  is  felt  to  pass 
outwards.  The  humerus  is  then  rotated  inwards  by  dropping 
the  hand  (Fig.  134),  and  the  bone  gradually  glides  into  th^  socket. 

In  a  certain  number  of  cases  reduction  can  be  effected  by 
lujper-abduction  of 
the  shoulder  with 
traction.  The  pa- 
tient is  laid  upon  a 
firm  mattress,  and 
the  siu'geon,  seated 
behind  him  and 
placing  his  foofon" 
the  acromion, 
slowly  and  steadily 
extends  the  arm  un- 
til it  is  raised  well 
above  the  head.  In 
some  cases  the  head 
of  the  humerus 
spontaneously  slips 
into  its  socket;  in 
others  it  may  be 
manipulated  into 
position  by  pres- 
sure from  the  ax- 
illa. This  method 
is  restricted  to 
recent  cases,  as  in  those  of  long  standing  the  axillary  vessels  are 
liable  to  be  stretched  or  torn. 

The  method  of  reduction  by  traction  on  the  arm  with  the 
heel  in  the  axilla  is  only  to  be  used  when  other  measures  have, 
failed,  as  it  depends  for  its  success  on  sheer  force.  ^^jV;!  \  ' 

After  -  Treatment. — After  reduction,  the  part  is"' gently 
massaged  for  ten  or  fifteen  minutes,  a  layer  of  wool  is  placed  in 
the  axilla,  the  forearm  is  supported  by  a  sling,  and  the  arm 
fixed  to  the  side  by  a  circular  bandage.  Massage  is  carried  out 
daily  from  the  first,  and  movement  of  the  shoulder  in  every 
direction  except  that  of  abduction  may  be  commenced  on  the 


Fig.  13] . — Kocher's  Method  of  reiluciug  Sub-fioracoid 
Dislocation— First  Movement ;  External  Kota- 
tiou  of  Arm. 
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first  or  second  day.  The  circular  bandage  may  he  dispensed 
with  at  the  end  of  a  week,  and  abduction  movements  com- 
menced, and  by  the  end  of  a  month  the  patient  should  be 
advised  to  use  the  arm  freely. 

The  sub-clavicular  dislocation  (Fig.  128)  is  to  be  looked 
upon  as  an  exaggerated  degree  of  the  sub-coracoid  rather  than 
as  a  separate  variety.  It  is  produced  by  the  same  mechanism, 
but  the  violence  is  greater,  and  the  damage  to  the  soft  parts 
more  severe.    The  head  passes  farther  upwards  and  inwards 


Fig.  132.  —  Kooher's  Method  —  Second  Fig.  IS-S.  —  Koclier's  Method  — 
Movement ;  Elhow  carried  forward,  Third  Movement ;  Inward  Kota- 
upward,  and  towards  the  Middle  Line.       tion  of  Arm. 


under  cover'  of  the  pectoralis  minor,  resting  under  the  clavicle 
against  the  serratus  magnus  and  chest  wall.  The  symptoms  are 
usually  so  marked  that  they  leave  no  doubt  as  to  the  diagnosis. 
The  outline  of  the  head  of  the  humerus  in  its  abnormal  position 
is  visible  through  the  skin,  and  the  shortening  of  the  limb  is 
more  marked  than  in  the  sub-coracoid  variety.  The  treatment 
is  the  same  as  for  sub-coracoid  dislocation. 

Sub-glenoid  dislocation  (Fig.  128)  is  less  frequently  met 
with  than  the  sub-coracoid  variety,  and  almost  always  results 
from  forcible  abduction  of  the  arm".  The  head  of  the  humerus 
passes  out  through  a  small  rent  in  the  lower  and  inner  portion 
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of  the  capsule,  and  rests  against  the  anterior  edge  of  the 
triangular  surface  immediately  below  the  glenoid  cavity,  sup- 
ported behind  by  the  long  head  of  the  triceps,  and  in  front  by 
the  subscapularis  muscle.  It  is  readily  felt  in  the  axilla.  All 
the  tendons  in  relation  to  the  upper  end  of  the  humerus  are 
stretched  or  torn,  and  the  great  tuberosity  is  not  infrequently 
avulsed.    There  is  sometimes  bruising  of  the  circumflex  nerve. 

The  projection  of  the  acromion,  the  flattening  of  the  deltoid, 
the  increased  depth  of  the  axillary  fold,  and  the  abduction  of 
the  elbow  are  very  marked ;  the  arm  is  slightly  lengthened, 


Fig.  134. — Miller's  Method  of  reduciug  Sub-coracold  Dislocation — Second 

Movement. 


rotated  out,  and  carried  forward.  It  is  reduced  by  the  hyper- 
abduction  method  (p.  489). 

Sub-spinous  Dislocation. — Backward  dislocation  is  u.sually 
termed  sub-spinous,  although  in  a  considerable  proportion  of 
cases  the  head  of  the  humerus  does  not  pass  beyond  the  root 
of  the  acromion  process  {sub-arromial)  (Fig.  128).  This  dis- 
location is  usually  produced  by  a  fall  on  the  elbow,  the  arm 
being  at  the  moment  adducted  and  rotated  in,  so  that  the  head 
of  the  humerus  is  pressed  backwards  and  outwards  against  the 
capsule,  which  ruptures  posteriorly.  All  the  i\uiscles  attached 
to  the  upper  end  of  the  humerus  are  liable  to  be  torn,  and  the 
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tuberosities  are  frequently  avulsed.  The  long  tendon  of  the 
biceps  may  slip  from  its  position  between  the  tuberosities, 
and  prevent  reduction  or  favour  re-dislocation,  necessitating  an 
open  operation. 

In  the  milder  cases  the  clinical  features  are  not  always  well 
marked,  and  on  account  of  the  swelling  this  dislocation  is  apt 
to  be  overlooked.  In  addition  to  the  ordinary  symptoms,  the 
shoulder  is  broadened,  there  is  a  marked  hollow  in  front  in 
which  the  coracoid  projects,  and  the  arm  is  held  close  to  the 
side  with  the  elbow  directed  forward.  The  head  of  the  bone 
may  be  seen  and  felt  in  its  abnormal  position  below  the  spine 
of  the  scapula. 

Reduction  can  usually  be  effected  by  making  traction  on  the 
arm  with  internal  rotation,  and  pressing  the  head  forward  into 
position,  while  counter-pressure  is  made  upon  the  acromion. 

Prognosis. — The  ultimate  prognosis  in  dislocations  of  the 
shoulder  should  always  be  guarded.  The  circumflex  nerve  may 
be  stretched  or  torn,  and  this  may  lead  to  atrophy  of  the 
deltoid ;  or  other  branches  of  the  brachial  plexus  may  be  injured 
and  the  muscles  they  supply  permanently  weakened.  In  a 
certain  number  of  cases  traumatic  neuritis  has  resulted  in 
serious  disability  of  the  limb.  The  movements  of  the  shoulder- 
joint  may  be  restricted  by  cicatricial  contraction  of  the  torn 
portion  of  the  capsule  and  of  the  damaged  muscles.  Recurrent 
dislocation  may  follow  if  abduction  movements  are  permitted 
before  repair  of  the  capsule  has  had  time  to  occur. 

Dislocation  of  the  Shoulder  complicated  with  Fracture  of 
the  Upper  End  of  the  Humerus. — In  these  injuries  the  disloca- 
tion is  almost  always  of  the  sub-coracoid  variety,  and  the  most 
common  fractures  by  which  it  is  complicated  are  those  of  the 
surgical  neck,  the  anatomical  neck,  or  the  greater  tuberosity. 
The  most  common  cause  is  a  fall  dii-ectly  on  the  shoulder,  and 
it  seems  probable  that  the  head  of  the  bone  is  first  dislocated, 
and,  the  force  continuing  to  act,  the  upper  end  of  the  humerus 
is  then  broken  ;  or  the  two  lesions  may  be  produced  synchron- 
ously (Robert  Jones). 

When  seen  soon  after  the  accident,  the  existence  of  the 
fracture  of  the  humerus  is  liable  to  be  overlooked,  the  con- 
dition being  mistaken  for  dislocation  alone,  or  for  a  fracture 
through  the  neck  of  the  scapula.  On  careful  examination 
under  an  aneesthetic,  however,  it  is  observed  that  not  only  is 
the  head  of  the  humerus  absent  from  the  glenoid  cavity,  but 
that  it  does  not  move  with  the  rest  of  the  bone,  abnormal 
mobility  and  crei^itus  are  recognised  at  the  seat  of  fracture,  and 
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the  upper  arm  is  shortened.  The  extravasation  in  the  axilla  is 
usually  greater  than  that  accompanying  a  simple  dislocation, 
and  the  pain  is  more  severe.  A  fracture  through  the  neck  of 
the  scapula  is  readily  recognised  by  the  ease  with  which  the 
deformity  is  reduced,  and  the  way  in  which  it  at  once  recurs 
when  the  support  is  withdrawn.  In  many  cases  it  is  only  by 
the  aid  of  a  radiogram  that  an  accurate  diagnosis  can  be  made 
(Fig.  135). 


I 


Fig.  135. — Dislocation  of  Shoulder  with  Fracture  of  Neck  of  Humerus. 
(Mr.  Robert  Jones'  case.    Radiogram  by  Dr.  D.  Morgan.) 

Treatment. — Unless  the  dislocation  is  reduced  at  once,  the 
movements  of  the  arm  are  certain  to  be  seriously  restricted,  and 
painful  pressure  effects  from  excess  of  callus  are  liable  to  ensue. 
An  attempt  should  first  be  made,  under  anesthesia,  to  replace 
the  head  in  its  socket,  by  making  extension  on  the  arm  in  the 
hyper-abducted  (vertical)  position,  and  manipulating  the  iii)per 
fragment  from  the  axilla. 

On  no  account  should  the  lower  fragment  be  employed  as  a 
lever  in  attempting  reduction.    When  reduction  by  external 
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manipulation  fails,  the  upper  fragment  should  be  exposed  by 
an  incision  over  its  outer  aspect,  and  made  to  return  to  the 
socket  by  using  Arbuthnot  Lane's  levers  or  M'Burney's  hook, 
or  a  long  steel  pin  may  be  inserted  into  the  fragment  to  give 
the  necessary  leverage. 

Reduction  having  been  accomplished,  the  fracture  is  adjusted 
in  the  usual  way,  advantage  being  taken  of  the  open  wound,  if 
necessary,  to  fix  the  fragments  together  by  wires  or  plates. 
The  best  position  in  which  to  fix  the  limb  is  that  of  abduction 
at  a  right  angle.  Massage  and  movement  should  be  commenced 
early  to  prevent  stiffness  of  the  joint. 

When  it  is  found  impossible  to  reduce  the  dislocation,  it  is 
usually  advisable  to  remove  the  upper  fragment. 

The  method  of  allowing  the  fracture  to  unite  without 
reducing  the  dislocation,  and  then  attempting  reduction, 
usually  results  in  re-breaking  the  bone,  or  else  in  failure  to 
replace  the  head  in  the  socket,  and  has  nothing  to  re- 
commend it. 

Old-standing  Dislocations  of  the  Shoulder. — It  is  impossible 
to  lay  down  definite  rules  as  to  the  date  after  which  it  is 
inadvisable  to  attempt  reduction  of  an  old-standing  dislocation 
of  the  shoulder  by  manipulation.  Experience  of  a  hundred 
cases  in  Bruns'  clinic  led  Fiuckh  to  conclude  that,  provided 
there  are  no  complications,  reduction  can  generally  be  efiected 
within  four  weeks  of  the  accident ;  that  Avithin  nine  weeks  the 
prospect  of  succeeding  is  fairly  good;  but  that  beyond  that 
time  reduction  is  exceptional. 

The  patient  is  anaesthetised,  and  all  adhesions  broken  down 
by  free,  yet  gentle  movement  of  the  limb.  The  appropriate 
manipulations  for  the  particular  dislocation  are  then  carried  out, 
care  being  taken  that  no  undue  force  is  employed,  as  the 
humerus  is  liable  to  be  broken.  If  these  are  not  successful, 
they  should  be  repeated  at  intervals  of  two  or  three  days,  as 
it  is  frequently  found  that  reduction  is  successfully  eflected  on 
a  second  or  third  attempt. 

Should  manipulative  measures  fail,  it  may  be  advisable  to 
have  recourse  to  operation  if  the  age  of.  the  patient  and  his 
general  health  warrant  it,  and  if  the  condition  of  the  limb  is 
interfering  with  his  occupation,  or  involves  serious  disability. 
If  operation  is  deemed  advisable,  a  few  days  should  be  allowed 
to  elapse  to  permit  of  the  parts  recovering  from  the  effects 
of  the  manipulations.  The  joint  is  freely  exposed,  the  capsule 
divided,  the  head  of  the  bone  freed  and  returned  to  the  glenoid 
cavity.    It  is  sometimes  so  difficult  to  replace  the  head  of  the 
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bone  that  it  is  necessary  to  resect  it  and  aim  at  the  formation 
of  a  new  joint,  an  operation  which  usually  yields  satisfactory 
results. 

Habitual  or  Recurrent  Dislocation. — Cases  are  occasionally 
met  with  in  which  the  shoulder-joint  shows  a  marked  tendency 
to  be  dislocated  from  causes  altogether  insufficient  to  produce 
displacement  under  ordinary  circiimstances.  This  condition  is 
usually  met  with  in  young  women,  and,  in  some  cases  at  least, 
appears  to  be  due  to  too  early  and  too  free  movement  of  the 
joint  after*  an  ordinary  dislocation,  so  that  the  capsule  is 
stretched  and  remains  lax.  In  some  cases  it  would  appear  that 
the  liability  to  dislocation  is  due  to  some  structural  defect  in 
the  joint,  and  under  these  conditions  both  sides  are  sometimes 
affected,  and  the  accident  is  not  attended  with  the  usual  pain 
and  disability  either  at  the  time  or  after  reduction.  The 
facility  and  frequency  with  which  dislocation  recurs  render 
the  limb  comparatively  useless,  and  may  seriously  incapacitate 
the  patient. 

The  treatment  consists  in  preventing  the  patient  making  the 
particular  movements  which  tend  to  produce  the  dislocation. 
These  are  chiefly  movements  of  hyper-abduction  and  overhead 
movements,  such  as  are  made,  for  example,  in  swimming  or  in 
arranging  the  hair.  We  have  found  an  apparatus  consisting  of 
a  belt  applied  around  the  thorax,  and  fixed  to  another  around 
the  upper  arm  by  a  band  which  passes  above  the  axillary  fold  of 
the  dress,  useful  in  restraining  these  movements.  If  necessary, 
massage,  electricity,  and  movements  against  resistance  are 
employed  to  strengthen  the  weak  muscles.  If,  after  a  pro- 
longed trial,  these  measures  fail,  it  may  be  advisable  to  tighten 
up  the  lax  capsule  by  drawing  it  into  folds  with  a  series  of 
catgut  sutures,  after  which  the  joint  is  kept  at  rest  for  three 
or  four  weeks.  The  subscapularis  may  be  detached  from  its  in- 
sertion into  the  humerus  and  united  to  the  deltoid  (Openshaw). 

The  condition  is  also  met  with  in  epileptics ;  and  it  is 
generally  found  that  the  head  of  the  bone  is  deficient,  as  a  result 
either  of  fracture  or  disease  ;  that  the  muscles  which  naturally 
support  the  joint  are  atrophied  or  torn ;  and  that  the  capsule  is 
unduly  lax. 

Sprains  of  the  shoulder-joint  are  comi^aratively  rare,  be- 
cause of  the  wide  range  of  movement  of  which  it  is  capable. 
The  region  of  the  shoulder  becomes  swollen  and  tender  to 
pressure,  the  point  of  maximum  tenderness  being  over  the  front 
of  the  joint,  just  below  the  acromion  process  ;  pain  is  elicited 
also  when  the  ligaments  or  tendons  are  put  upon  the  stretch. 


496    INJURIES  OF  SHOULDER  AND  UPPER  ARM 


Contusions  of  the  region  of  the  shoulder,  on  the  other  hand, 
are  exceedingly  common.  It  most  cases  it  is  merely  the  deltoid 
muscle  and  the  subcutaneous  tissue  over  it  that  are  bruised 
but  sometimes  a  hsematoma  forms  either  in  the  muscle  or  in 
the  sub-deltoid  bursa  (p.  428).  There  is  pain  on  moving  the 
limb,  and  the  patient  may  be  unable  to  abduct  the  arm  at  the 
shoulder-joint.  Under  treatment  by  massage  and  movement, 
the  symptoms  usually  pass  oS  completely  in  two  or  three 
weeks. 

In  other  cases,  the  cords  of  the  brachial  plexus  above  the 
clavicle  are  stretched,  or  the  circumflex  nerve  is  bruised,  and 
these  injuries  are  liable  to  be  followed  by  prolonged  pain,  loss 
of  abduction,  and  stiffness  in  the  upper  arm.  The  de'ltoid 
frequently  undergoes  considerable  atrophy,  and  there  is  severe 
neuralgic  pain  in  the  circumflex  nerve,  especially  marked  in 
the  region  of  the  insertion  of  the  deltoid. 

In  addition  to  maintaining  the  limb  in  the  abducted  position, 
it  is  necessary  to  keep  up  the  nutrition  of  the  muscles  by 
massage  and  electricity. 

Fractures  of  the  Scapula 

Fractures  of  the  scapula  may  implicate  the  body,  the  surgical 
neck,  the  acromion,  or  the  coracoid  process.  They  are  rarely 
compound. 

Fracture  of  the  Body. — Considering  its  exposed  position,  the 
body  of  the  scapula  is  comparatively  seldom  fractured,  doubtless 
because  of  its  mobility,  and  the  support  it  receives  from  the 
elastic  ribs  and  soft  muscular  cushion  on  which  it  lies.  Apart 
from  gun-shot  injuries,  it  is  most  frequently  broken  by  a  severe 
blow  or  crush.  The  scajDula  presents  two  natural  arches — one 
longitudinal,  the  other  transverse — and  when  the  bone  is 
crushed  or  struck,  the  force  jKoduces  fracture  by  undoing  its 
curves  (E.  H.  Bennett).  A  main  fissure  usually  runs  trans- 
versely across  the  infra-spinous  fossa,  and  secondary  cracks 
radiate  from  it  (Fig.  136).  In  other  cases  the  line  of  the 
primary  fracture  is  longitudinal,  passing  through  the  spine  and 
involving  both  fossse. 

The  clinical  features  are  often  obscured  by  swelling  of  the 
overlying  soft  parts.  Crepitus  may  sometimes  be  elicited 
by  placing  one  hand  firmly  over  the  bone,  and  with  the 
other  moving  the  arm  and  shoulder.  When  the  spine  is  im- 
plicated, the  fragments  may  be  grasped  and  made  to  move  one 
upon  another.    The  displacement,  which  usually  consists  in 
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overlapping  of  the  fragments — although  sometimes  they  are 
drawn  apart — is  partly  due  to  the  action  of  the  serratus  magnus 
and  teres  major  muscles,  and  partly  depends  on  the  direction  of 
the  force.  Movement  is  restricted  and  painful.  Osseous  union 
usually  takes  place  rapidly,  and  although  displacement  often 
persists,  the  function  of  the  limb  is  unimpaired. 

Treatment. — As 
these  fractures  are 
usually  compli- 
cated by  other 
injuries,  especially 
of  the  thorax,  and 
are  accompanied 
by  severe  shock, 
it  is  necessary  to 
confine  the  patient 
to  bed.  It  is  usu- 
ally sufficient  to 
fix  the  arm  and 
shoulder  to  the 
chest  wall  by  a 
firm  binder,  in  the 
position  which  ad- 
mits of  the  most 
complete  apposi- 
tion of  fragments. 
This  retentive  ap- 
paratus is  em- 
ployed for  about 
three  weeks,  after 
which  the  patient 
is  allowed  to  use 
his  arm.  The 
bandages  are  re- 
moved daily  to 
admit  of  massage. 

Fracture  of  the 
surgical  neck  of 
the  scapula,  although  a  rare  accident,  is  of  considerable 
clinical  importance,  as  it  is  liable  to  be  mistaken  for  dislocation 
of  the  shoulder.  The  line  of  fracture  runs  through  the  sunra 
scapular  notch,  downwards  and  outwards  to  the  lower  margin 
ot  the  glenoid,  so  that  the  glenoid  and  the  coracoid  process  are 
separated  from  the  rest  of  the  bone  i-iuoess  are 


Fig.  136.— Transverse  Fractare  of  Scapula,  with  fissures 
radiating  into  spinous  process  and  dorsum. 
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The  coraco-acromial  and  coraco-clavicular  ligamentB  are 
usually  torn,  and  the  detached  fragment,  along  with  the  head 
of  the  humerus,  smks  into  the  axilla,  causing  a  flattening  of 
the  shoulder,  and  leaving  a  depression  below  the  projecting 
acromion.  The  arm  is  lengthened  by  about  an  inch.  By 
supporting  the  arm  the  deformity  is  at  once  reduced,  but  recurs 
as  soon  as  the  support  is  withdrawn.  Crepitus  is  usually 
detected  on  carrying  out  this  manipulation ;  and  the  coracoid 
process  is  found  to  move  with  the  arm  and  not  with  the 
scapula.  By  these  tests,  and  by  the  X-rays,  this  injury  is 
distinguished  from  a  dislocation. 

A  partial  fracture  carrying  away  the  lower  part  of  the  glennid 
cavity  sometimes  simulates  a  sub-glenoid  dislocation.  This 'is, 
however,  a  rare  injury. 

The  treatvient  consists  in  bracing  back  the  shoulders  and 
supporting  the  elbow,  and  this  is  most  satisfactorily  done  by 
a  body  bandage  and  sling  for  the  elbow  as  for  fracture  of  the 
middle  thii'd  of  the  clavicle  (p.  479).  Passive  movement  and 
massage  are  employed  from  the  first. 

Fracture  of  the  acromion  process  may  result  from  a  blow 
or  fall  on  the  shoulder.  It  is  often  overlooked  on  account  of 
the  swelling  resulting  from  bruising  of  soft  parts,  and  the 
absence  of  marked  displacement.  On  palpation,  crepitus  and 
an  irregularity  at  the  seat  of  fracture  may  sometimes  be  detected. 
The  shoulder  is  slightly  flattened,  and  abduction  of  the  arm  is 
difficult.  In  rare  cases  the  fracture  passes  into  the  acromio- 
clavicular joint,  and  is  associated  with  dislocation  of  the 
clavicle. 

In  connection  with  this  fracture,  reference  must  be  made  to 
a  condition  frequently  met  with,  in  which  the  epiphysial  portion 
of  the  acromion  is  found  to  be  separate  from  the  body  of  the 
process— sepa?*a!fe  acromion.  This  is  by  some  (Symington, 
Hamilton)  looked  upon  as  a  want  of  union  of  the  epiphysis,  but 
the  weight  of  evidence  seems  to  prove  that  it  is  rather  of 
the  nature  of  an  un-united  fracture  at  this  level,  even  when, 
as  sometimes  happens,  it  is  bilateral  (Struthers,  Arbuthnot 
Lane). 

Between  the  fourteenth  and  twenty-second  years  a  true 
separation  of  the  epiphysis  may  be  met  with,  but  it  is  seldom 
possible  to  make  a  positive  diagnosis  of  this  injury.  As  is  the 
case  in  all  fractures  of  the  acromion,  bony  union  seldom  takes 
place. 

The  treatment  is  the  same  as  for  fracture  of  the  outer  end  of 
the  clavicle. 
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Fracture  of  the  coracoid  process  is  exceedingly  rare.  It 
may  result  from  direct  violence,  such  as  the  recoil  of  a  gun, 
but  is  more  often  an  accompaniment  of  dislocation  of  the 
shoulder  or  of  the  outer  end  of  the  clavicle  upward.  As  the 
coraco-clavicular  ligaments  usually  remain 
intact,  there  is  no  displacement;  but 
when  these  are  torn  the  coracoid  is 
dragged  downwards  and  outv/ards  by 
the  combined  action  of  the  pectoralis 
minor,  biceps,  and  coraco  -  brachialis 
muscles.  Crepitus  may  be  elicited  on 
moving  the  fragment.  Separation  of  the 
epiphysial  portion  of  the  coracoid  may 
occur  up  to  the  seventeenth  year. 

The  treatment  consists  in  placing  the 
arm  across  the  front  of  the  chest,  to  relax 
the  muscles  causing  the  displacement, 
and  retaining  it  in  that  position  by  a 
sling  and  roller  bandage. 

Feactures  of  the  Upper  End  op 
THE  Humerus 

It  is  most  convenient  to  study  frac- 
tures of  the  upper  end  of  the  humerus 
in  the  following  order:  (1)  fracture  of 
the  surgical  neck ;  (2)  separation  of  the 
epiphysis;  (3)  fracture  of  head,  ana- 
tomical neck,  or  tuberosities. 

Fracture   of  the  Surgical  Neck.  

The  surgical  neck  of  the  humerus  ex- 
tends from  the  level  of  the  epiphysial 
junction  to  the  insertion  of  the  pectoralis 
major  and  teres  major  muscles,  and  it  is 
within  these  limits  that  most  fractures 
of  the  upper  end  of  the  bone  occur. 
This  fracture  is  most  common  in  adults, 
and  usually  follows  direct  violence  ap- 
plied to  the  shoulder,  but  may  result 
from  a  fall  on  the  hand  or  elbow,  or 
from  violent  muscular  action,  as,  for  example,  in  throwing  a 
stone.  It  is  usually  transverse,  and  there  is  often  little  or  no 
lisplacement,  the  fragments  being  retained  in  position  by  the 
long  tendon  of  the  biceps  and  the  long  head  of  the  triceps 


Fig.  137.  —  Fracture  of 
Surgical  Neck  of  Hume- 
rus, united  with  Angu- 
lar Disiilacemeut. 
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When  the  fracture  is  oblique,  the  fragments  are  often  com- 
minuted, and  sometimes  impacted.  The  displacement  of  the 
upper  fragment  seems  to  depend  upon  the  attitude  of  the  limb 
at  the  moment  of  fracture.  When  the  upper  arm  is  approxi- 
mated to  the  side,  the  upper  fragment  retains  its  vertical 
position,  but  is  slightly  rotated  outwards  by  the  muscles 


Fig.  138.— Impacted  Fracture  of  iSeck  of  Humerus,  m  mau  a?t.  75. 
(Mr.  Stiles'  case.   Radiogram  by  Dr.  Edmund  Price.) 

inserted  into  the  greater  tuberosity,  while  the  lower  fragment 
is  drawn  upwards  and  inwards  towards  the  coracoid  process 
by  the  muscles  inserted  into  the  bicipital  groove  and  the 
longitudinal  muscles  of  the  upper  arm,  and  can  be  felt  m 
the  axilla.  The  elbow  points  outwards  and  backwards,  and 
the  upper  arm  is  shortened.  The  shoulder  retains  its  rotundity, 
but  there  is  a  slight  hollow  some  distance  below  the  acromion. 


FRACTURES,  SURGICAL  NECK  OF  HUMERUS  501 


moment 
retained 


On  grasping  the  elbow  and  moving  the  shaft,  it  is  found  that 
the  head  and  tuberosities  do  not  move  with 
it,  and  unnatural  mobility  and  crepitus  at 
the  seat  of  fracture  may  be  detected.  When 
the  upper  arm  is  abducted  at  the 
of  fracture,  the  upper  fragment  is 
in  that  position  by  the  external 
rotator  and  abductor  muscles  in- 
serted into  it,  while  the  lower 
fragment  passes  upwards  and  in- 
wards. 

Although  there  is  sometimes 
overlapping  and  broadening  after 
union,  beyond  some  limitation  of 
the  range  of  abduction,  the  use- 
fulness of  the  limb  is  seldom 
impaired. 

Treatment. — Massage,  by  allay- 
ing spasm  of  the  muscles,  soon 
overcomes  the  moderate  amount 
of  displacement  which  is  usually 
met   with.     Further,    the  skin 


1 


1 


Fig.  139.— Wedge  shaped  Splint 
of  Poroplastio  for  treatment  of 
Fractures  at  Upper  End  of 
Humerus  in  abducted  position. 
To  avoid  obscuring  the  splint 
the  padding  and  bandages  have 
been  omitted. 

surfaces  of  the  axilla  having  been 
separated  by  a  thin  layer  of 
cotton  wool,  a  sling  is  api^lied  to 
support  the  wrist,  and  the  arm 
is  bound  to  the  side  by  a  body 
bandage. 

In  comminuted  fractures  and 
those  with  very  marked  displace- 
ment, a  general  anajsthetic  may 
be  required  to  ensure  accurate 
reduction  ;  and  to  maintain  the 
fragments  in  apposition,  and  to 
livnnt,?""^"!"'''-  "'""i^ge  for  avoid  any  limitation  of  abduction 
iw^.°'Th^lS  nSjtS  ---..tl-  li.nb  may  be  fixed 

arm  to  the  chest  are  not  Hgured.  ^^'^   position  of  al)duction  at 

wpirri.f      1      11  ^   ^'^Slit   angle,   extension  with 

weight  and  pulley  over  the  side  of  the  bed  being  applied. 
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if  necessary,  to  maintain  this  attitude.  After  a  week  or  ten 
days  the  patient  is  allowed  up,  wearing  a  triangular  splint, 
such  as  Middeldovpf's,  which  consists  of  a  douhle  inclined  plane, 
the  base  of  which  is  fixed  to  the  patient's  side,  while  the 
injured  arm  rests  on  the  other  two  sides  of  the  triangle  (Fig. 
139).    Massage  and  movement  are  employed  daily. 

Another  method  of  fixation,  described  by  Professor  Chiene, 
is  as  follows  :  "  Lay  the  arm  across  the  chest,  and  the  hand 
over  the  opposite  shoulder.  The  tail  of  a  bandage  is  then 
placed  on  the  shoulder  of  the  injured  arm  and  carried  down 
the  upper  arm,  round  beneath  the  elbow 
and  up  along  the  back  of  the  forearm  to 
the  opposite  shoulder,  then  across  the  back 
to  below  the  deltoid  of  the  injured  arm, 
round  the  upper  arm  to  the  elbow,  repeat- 
ing as  often  as  necessary.  Last  of  all,  fix 
the  arm  to  the  chest  by  circular  turns" 
(Fig.  140). 

Should  these  measures  fail,  the  fracture 
may  be  exposed  by  an  incision  carried 
along  the  anterior  Ijorder  of  the  deltoid, 
and  the  ends  mechanically  fixed,  after 
which  the  limb  is  put  up  in  the  abducted 
position  for  three  or  four  weeks.  Massage 
is  commenced  on  the  second  or  third  day. 
Union  is  usually  complete  in  about  four 
weeks. 

Separation  of  Epiphysis.— The  upper 
epiphysis  of  the  humerus  includes  the 
head,  both  tuberosities,  and  the  upper 
fourth  of  the  bicipital  groove  (Fig.  141). 
On  its  under  aspect  is  a  cup-like  depression 
into  which  the  central  pyramidal-shaped 
portion  of  the  diaphysis  fits.  This  epiphysis  unites  about  the 
twenty-first  year. 

Traumatic  separation  is  met  with  chiefly  between  the  htth 
and  fifteenth  years,  and  is  most  common  in  boys.  It  usually 
results  from  'forcible  traction  of  the  arm  upwards  and  out- 
wards, as  in  lifting  a  child  by  the  upper  arm,  or  from  direct 
violence,  but  may  be  caused  by  a  fall  on  the  outer  side  of  the 

elbow.  , 
The  epiphysis,  especially  in  young  children,  may  be  separated 
without  being  displaced,  or  the  displacement  may  be  incomplete. 
When  the  epiphysis  is  completely  separated  from  the  shaft, 


Fig.  141. — Upper  Epi- 
physis of  Hvimerus. 

(After  Poland.) 
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the  clinical  features  closely  resemble  those  of  fracture  of  the 
surgical  neck,  and  the  diagnosis  is  made  by  a  consideration  of 
the  age  of  the  patient,  and  the  muffled  character  of  the  crepitus, 
when  it  can  be  elicited.  The  upper  end  of  the  diaphysis  forms 
a  projecting  ridge  which  may  be  felt  below  and  in  front  of  the 
acromion.  The  diagnosis  can  usually  be  established  by  the  use 
of  the  X-rays.  Dislocation  is  rare  at  the  age  when  separation 
of  the  epiphysis  occurs. 

Reduction  is  often  difficult  on  account  of  the  jaeriosteum  and 
other  soft  tissues  getting  between  the  fragments,  and  on  account 
of  the  small  size  of  the  upper  fragment.  Union  almost  in- 
variably results,  but  the  growth  of  the  limb  may  be  seriously 
interfered  with  (Fig.  142),  and  its  shape  is  sometimes  much 
altered,  especially  when  the  injury  occurs  at  an  early  age  and 
its  nature  is  overlooked. 

Treatment. — This  injury  is  treated  on  the  same  general  lines 
as  fracture  of  the  surgical  neck.  General  anaesthesia  is  almost 
always  necessary  to  secure  satisfactory  reduction,  and  retention 
is  sometimes  only  possible  if  the  patient  is  confined  to  bed  with 
the  upper  arm  fixed  in  the  fully  abducted  position  by  means 
a  plaster-of-Paris  bandage.  Operative  treatment  is  more  fre- 
quently called  for  than  in  fracture  of  the  surgical  neck,  and 
in  some  cases  it  has  even  been  found  necessary  to  remove  the 
epiphysis. 

Fractures  of  the  Head,  Anatomical  Neck,  and  Tuberosities 
of  Humerus. — These  fractures  are  met  with  as  accompaniments 
of  dislocation  of  the  shoulder,  and  as  results  of  gun-shot  in- 
juries, blows,  or  falls. 

In  sub-coracoid  dislocation  the  head  of  the  humerus  is  often 
indented  by  coming  in  contact  with  the  anterior  edge  of  the 
glenoid  cavity. 

The  anatomical  neck  may  be  fractured  in  an  old  person  by  a 
direct  blow  on  the  shoulder.  In  a  few  cases  the  fracture  is 
entirely  intra-capsular,  the  head  of  the  bone  remaining  loose 
in  the  cavity  of  the  joint.  As  a  rule,  however,  the  fracture 
passes  through  the  anatomical  neck  only  on  the  inner  side, 
diverging  into  the  tuberosities  externally.  In  some  cases  there 
is  impaction,  and  in  others  comminution  of  the  fragments.  The 
use  of  the  X-rays  has  shown  that  in  many  cases  in  which  pro- 
longed stiffness  has  followed  a  severe  blow  over  the  shoulder, 
there  has  been  a  fracture  of  the  anatomical  neck. 

The  tuberosities  may  be  implicated  in  other  fractures  in  this 
region  and  in  dislocation  of  the  shoulder ;  and  either  of  them 
may  be  separated  by  muscular  contraction  or  by  direct  violence 
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Clinically  all  these  injuries  ai'e  difficult  to  diagnose  with 
accuracy,  and,  without  the  use  of  the  X-rays,  it  is  imjjossible  in 
many  cases  to  go  further  than  to  say  that  a  fracture  exists 
above  the  level  of  the  surgical  neck.  Fracture  of  the  anatomical 
neck  is  attended  with  little  deformity  beyond  slight  flattening 
of  the  shoulder  and  sometimes  slight 
shortening  of  the  upper  arm. 

When  the  great  tuberosity  is  torn  off, 
considerable  antero-posterior  broadening 
of  the  shoulder  may  be  recognised,  by 
grasping  the  region  of  the  tuberosities 
between  the  fingers  and  thumb.  Crepitus 
can  be  elicited  on  rotating  the  humerus. 
At  the  same  time  it  will  be  recognised 
that  the  tuberosity  does  not  move  with 
the  shaft.  Firm  union,  with  considerable 
formation  of  callus  and  some  broadening 
of  the  shoulder,  usually  results,  but  the 
usefulness  of  the  joint  is  not  necessarily 
impaii-ed.  There  may,  however,  be  pro- 
longed stiffness  and  impaii-ed  movement 
from  the  adhesions  ;  or  pain  and  crackling 
in  the  joint  may  result  from  arthritic 
changes  like  those  of  arthritis  deformans. 

Treatment. — These  fractures  are  treated 
on  the  same  lines  as  fracture  of  the  surgi- 
PiG.  142.— Shortening  of  ^al  neck  of  the  humerus.    Massage  and 
5r'to%?rE?i:  movement    should    be    commenced  at 
physis  in  childliood.      once.     Operative   treatment   is  seldom 
called  for. 

The  combination  of  fracture  of  the  upper  end  of  the  humerus 
with  dislocation  of  the  shoulder  has  already  been  referred  to. 


Fracture  of  the  Shaft  of  the  Humerus 

Fractures  occurring  in  the  shaft  of  the  humerus,  between 
the  surgical  neck  and  the  base  of  the  condyles,  may,  for  con- 
venience of  description,  be  divided  into  those  above,  and  those 
below,  the  level  of  the  deltoid  insertion— the  majority  being  m 
the  latter  situation. 

Direct  violence  is  the  most  common  cause  of  these  fractures, 
but  they  may  occur  from  a  fall  on  the  elbow  or  hand  ;  and  a 
considerable  number  of  cases  are  on  record  where  the  bone 
has  been  broken  by  muscular  action— as  in  throwing  a  cricket- 
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ball.  Twisting  forms  of  violence  may  produce  spiral  fractures 
(Fig.  110). 

The  fracture  is  usually  transverse  in  children  and  in  cases 
in  which  it  is  due  to  muscular  action.  In  adults,  when  due  to 
external  violence,  on  the  other  hand,  it  is  usually  oblique,  the 
fragments  overriding  one  another  and  causing  shortening  of 
the  limb.  The  displacement  depends  largely  on  the  direction 
•of  the  force  and  the  line  of  fracture,  but  to  a  certain  extent 
also  on  the  action  of  muscles  attached  to  the  fragments.  Thus, 
in  fractures  above  the  insertion  of  the  deltoid  the  upper  frag- 
ment is  usually  dragged  inward  by  the  muscles  inserted  into 
the  bicipital  groove,  while  the  lower  is  tilted  out  by  the  deltoid. 
When  the  break  is  below  the  deltoid  insertion  the  displacement 
of  the  fragments  is  reversed.  Undue  mobility,  deformity, 
crepitus,  and  the  other  signs  of  fracture  are  evident,  and  the 
patient  himself  usually  recognises  that  the  bone  is  broken. 
The  nerve-trunks  in  the  upper  arm,  particularly  the  median, 
ulnar,  and  musculo-spiral,  are  apt  to  be  damaged  in  these 
injuries.  In  fractures  of  the  lower  part  of  the  shaft  the 
musculo-spiral  nerve  is  specially  liable  to  be  implicated.  This 
may  occur  at  the  time  of  the  injury,  the  nerve  being  contused 
by  the  force  causing  the  fracture,  or  pressed  upon  by  one  or 
other  of  the  fragments,  or  its  fibres  may  be  partly  or  com- 
pletely torn  across.  When  there  is  evidence  of  nerve  injury, 
the  practitioner  should  draw  the  attention  of  the  patient  to  it 
before  applying  splints,  and  so  guard  himself  against  actions 
for  malpraxis  should  paralysis  of  the  muscles  ensue.  Later, 
the  nerve  may  become  involved  in  callus,  or  be  damaged 
by  the  pressure  of  ill-fitting  splints.  Weakness  or  paralysis  of 
the  extensors  of  the  wrist  and  hand  results,  giving  rise  to  the 
characteristic. "  wrist-drop."  The  actions  of  the  muscles  should 
always  be  tested  before  applying  splints,  and  each  time  the 
apparatus  is  removed  or  readjusted,  to  ensure  that  no  undue 
pressure  is  being  exerted  on  the  nerves.  , 

Union  takes  place  in  from  four  to  six  weeks  in  adults,  and 
in  from  three  to  four  weeks  in  children.  Delayed  union,  or 
want  of  union  and  the  formation  of  a  false-joint,  is  more 
common  in  fractures  of  the  middle  of  the  shaft  of  the  humerus 
than  in  any  other  long  bone.  This  is  largely  due  to  the 
frequency  with  which  soft  structures  come  to  lie  between 
the  fragments.  Arrest  of  growth  in  the  bone  from  injury  to 
the  nutrient  artery  is  also  said  to  have  occurred. 

Treatment.— In  treating  a  fracture  of  the  shaft  of  the 
humerus,  the  possibility  of  non-union  should  always  be  kept  in 
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mind.  Reduction  is  effected,  by  the  aid  of  a  general  anaesthetic 
if  necessary,  care  being  taken  that  no  soft  tissue  intervenes 
between  the  fragments ;  the  appearances  seen  with  the  X-rays 
may  yield  information  on  this  point,  a  clear  space  persisting 
between  the  fragments  even  when  they  are  apparently  in 
apposition.  The  local  splint  to  control  the  fracture  is  applied 
in  the  form  of  a  ferrule  surrounding  the  bone.  This  may 
consist  of  several  short,  narrow  pieces  of  wood  secured  by  a 
bandage  or  strap  and  buckle  ;  or  better,  of  two  pieces  of  Gooch 
splinting  cut  as  in  Fig.  143,  special  provision  being  made  for 
avoiding  pressure  on  the  condyles. 

Reduction  by  manipulation  is  not  always  necessary.  Dis- 
placement is  often  maintained  by  the  muscular  spasm. 
Massage  will  allay  these  spasms  after  a  few  daily  sittings,  and 

the  fragments  will  of  them- 
selves assume  correct  alignment 
with  little  tendency  to  redis- 
placement.  At  any  rate,  after  a 
few  sittings  of  massage,  reduc- 
tion by  manipulation  becomes 
easy,  and  retentive  apparatus 
less  necessary.  Excellent  results 
have  been  obtained  without 
rigid  splints. 

The  elbow  is  flexed  at  a 
right  angle,  and  the  forearm  is 
supported  in  a  sling  midway  be- 
tween pronation  and  supination. 
For  a  few  days  the  limb  is  bound  to  the  chest  by  a  wide  roller 
bandage. 

The  splints  are  removed  daily  to  admit  of  massage  and 
movement  being  carried  out,  and  while  the  splints  are  off  the 
patient  is  allowed  to  exercise  the  fingers  and  wrist.  If,  at  the 
end  of  four  or  five  weeks,  osseous  union  has  not  occurred,  the 
reparative  process  may  be  hastened  by  inducing  venous  con- 
gestion by  Bier's  method. 

In  oblique  fractures,  when  there  is  difficulty  in  preventing 
overriding  and  redisplacement,  the  fragments  may  be  exposed 
by  incision,  and  fixed  together  by  mechanical  means. 

When  there  is  evidence  that  the  musculo-spu-al  nerve  has 
been  injured,  and  no  sign  of  improvement  appears  within 
three  or  four  days  of  the  accident,  operative  interference  is 
indicated.  An  incision  is  made  on  the  outer  side  of  the  arm, 
and  the  nerve  exposed  and  freed  from  pressure,  or  stitched,  as 


Fig.  143. — Goooli  Splints  for  Frac- 
ture of  Shaft  of  Humerus  ;  and 
rectangular  splint  to  secure  elbow. 
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may  be  necessary.  The  opportunity  should  also  be  taken  of 
dealing  with  the  fracture. 

In  cases  of  un-united fracture,  a  vertical  or  semilunar  incision 
is  made  over  the  outer  aspect  of  the  bone,  and  the  muscles 
separated  from  one  another  till  the  fracture  is  exposed,  care 
being  taken  to  avoid  injuring  the  musculo-spiral  nerve.  The 
fibrous  tissue  is  removed  from  the  ends  of  the  bone,  and  the 
rawed  surfaces  fixed  in  apposition  by  pegs,  plates,  or  wires. 
The  wound  is  then  closed,  and  appropriate  retentive  apparatus 
applied.  As  soon  as  the  wound  has  healed,  massage  and 
movement  are  employed. 


CHAPTER  XXIII 


INJURIES  IN  THE  REGION  OF  THE  ELBOW 
AND  FOREARM 

Surgical  Anatomy — Examination  of  injured  elbow  —  Fkactuees  of 
LowEK  End  of  Humeros  :  Sujmt-condylar ;  Inter-condylar ;  Se})ara- 
Hon  of  epiphysis  ;  Fracture  of  cither  condyle  alone  ;  Fracture  of  cither 
epicondyle  alone — Fuactukes  of  Upper  End  of  Ulna  :  Olecranon  ; 
Coronoid — Feactuees  of  Upper  End  of  Eadius  :  Head ;  Neck ; 
Separation  of  epiphysis — Dislocations  of  Elbow:  Both  hones; 
Ulna  alone  ;  Eadius  cclone — Feactches  of  Forearm:  Both  bones; 
Haclkts  alone  ;  Ulna  alone. 

The  injuries  met  with  in  the  region  of  the  elbcw-joint  include 
the  various  fractures  of  the  lower  end  of  the  humerus,  and 
upper  ends  of  the  bones  of  the  forearm,  including  the  olecranon 
process  ;  and  dislocations  and  sprains  of  the  elbow-joint.  The 
differential  diagnosis  is  often  exceedingly  difficult,  on  account 
of  the  great  swelling  and  tension  which  rapidly  supervene  on 
most  of  these  injuries,  the  pain  caused  by  manipulating  the 
parts,  and  the  difficulty  of  determining  whether  movement  is 
taking  place  at  the  joint  or  near  it. 

Surgical  Anatomy. — The  internal  epicondyle  of  the  humerus  is  more 
readily  felt  through  the  skin  than  the  external.  The  two  epicondyles 
are  practically  on  the  same  level,  and  a  line  joining  them  behind  passes 
just  above  the  tip  of  the  olecranon  process  when  the  arm  is  fully  extended. 
On  flexing  the  joint,  the  tip  of  the  olecranon  graduallj-  passes  to  the 
distal  side  of  this  line,  and  when  the  joint  is  fully  flexed  the  tip  of  the  ole- 
cranon is  found  to  have  passed  through  half  a  circle.  Tlie  head  of  the 
radius  can  be  felt  to  rotate  in  the  dimple  on  the  back  of  the  elbow  just 
below  the  external  condyle.  The  coronoid  process  may  be  detected  on 
making  deep  pressure  in  the  hollow  in  front  of  the  joint.  As  the  line  of 
the  radio-humeral  joint  is  horizontal,  while  that  of  the  ulno-liunieral 
joint  slopes  obliquely  downwards,  the  upper  arm  forms  with  the  fully 
extended  and  supinatcd  forearm  an  obtuse  aiigle,  opening  outward — the 
"  carrying  angle."  Tliis  angle  is  usually  more  marked  in  women,  in 
harmony  with  the  greater  width  of  tlie  female  pelvis.  The  ulnar  nerve 
lies  in  the  hollow  between  tlie  olecranon  and  the  internal  condyle,  and 
the  median  nerve  passes  over  the  front  of  the  joint,  with  the  brachial 
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artery  and  biceps  tendon  to  its  outer  side.  The  musculo-spiral  nerve 
divides  into  its  radial  and  posterior  interosseous  branches  at  the  level  of 
the  outer  condyle. 

In  examining  an  injured  dboic,  the  thumb  and  middle  finger  are 
placed  respectively  on  the  two  epicondyles,  while  the  index  locates  the 
olecranon  and  traces  its  movements  on  flexion  and  extension  of  the 
joint.  The  movements  of  the  head  of  the  radius  are  best  detected  by 
pressing  the  thumb  of  one  hand  into  the  depression  below  the  external 
condyle,  while  movements  of  pronation  and  supination  are  carried  out 
by  the  other  hand.  The  uninjured  limb  should  always  be  examined  for 
purposes  of  comparison. 

In  injuries  about  the  elbow  much  aid  in  diagnosis  is  usually  obtained 
by  the  use  of  the  X-rays  ;  but  in  young  children  it  is  sometimes  impossible, 
even  with  excellent  pictures,  to  make  an  accurate  diagnosis  by  means  of 
radiograms  ( Robert  Jones).  lu  cases  of  suspected  fracture,  a  radiogram 
should  be  taken  with  the  back  of  the  limb  resting  on  the  sensitive  plate, 
the  forearm  being  extended  and  supinated.  If  a  dislocation  is  suspected 
and  a  lateral  view  is  desired,  the  arm  should  be  placed  on  its  inner  side. 
In  obscure  cases  it  is  useful  to  take  radiograms  of  the  liealthy  limb  in  the 
same  position. 


Feactures  op  the  Lower  End  op  the  Httmerxjs 

The  following  fractures  occur  at  the  lower  end  of  the 
humerus:  (1)  supra-condylar  fracture;  (2)  inter-condylar 
fracture ;  (3)  separation  of  epiphyses ;  (4)  fracture  of  either 
condyle  alone ;  and  (5)  fracture  of  either  epicondyle  alone. 

All  these  injuries  are  common  in  children,  and  may  result 
from  a  direct  fall  or  blow  upon  the  elbow,  or  from  a  fall  on  the 
outstretched  hand,  especially  when  at  the  same  time  the  joints 
are  forcibly  moved  beyond  their  physiological  limits,  more 
particularly  in  the  direction  of  pronation  or  abduction.  While 
it  is  generally  easy  to  diagnose  the  existence  of  a  fracture,  it 
is  often  exceedingly  difficult  to  determine  its  exact  nature. 
Although  the  ulnar  and  median  nerves  are  liable  to  be  injured 
in  almost  any  of  these  fractures,  they  suffer  much  less  frequently 
than  might  be  expected. 

Ankylosis,  or,  more  frequently,  locking  of  the  jomt,  is  a 
common  sequel  to  many  of  these  injuries.  This  is  explained 
by  the  difficulty  of  effecting  complete  reduction,  and  by  the 
wide  separation  of  periosteum  which  often  occurs,  favouring 
the  production  of  an  excessive  amount  of  new  bone,  particularly 
in  young  subjects. 

The  supra-condylar  fracture  usually  results  from  a  fall  on  the 
outstretched  hand  with  the  forearm  partly  flexed,  from  a  direct 
blow,  or  from  a  twisting  form  of  violence.  The  line  of  fracture 
is  generally  transverse,  or  but  slightly  oblique  from  behind 
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downwards  and  forwards,  so  that  tlie  lower  fragment  is  forced 
backward  together  with  the  bones  of  the  forearm,  simulating 
backward  dislocation  of  the  elbow  ;  the  lower  end  of  the  upper 
fragment  lies  in  front. 

Clinical  Features. — The  elbow  is  flexed  at  an  angle  of  120° 
or  130°,  and  the  forearm,  held  semi-pronated,  is  supported  by 
the  other  hand.  Around  the  seat  of  fracture  great  swelling 
rapidly  ensues.  The  olecranon  projects  behind,  but  the  mutual 
relations  of  the  bony  points  of 
the  elbow  are  unaltered.  The 
lower  end  of  the  upper  frag- 
ment may  be  felt  ia  front 
above  the  level  of  the  joint, 
as  a  rough  and  sharp  projec- 
tion, and  this  sometimes  ^^ierces 
the  soft  parts  and  renders  the 
fracture  compound.  The  joint 
movements  are  normal,  but 
unnatural  mobility  may  be 
detected  above  the  level  of 
the  joint.  Crepitus  and  local- 
ised tenderness  may  be  elicited. 
The  displacement  is  readily 
reduced  by  manipulation,  but 
is  usually  reproduced  when  the 
support  is  withdrawn.  The 
upper  arm  is  shortened  to  the 
extent  of  about  half  an  inch. 

In  rare  cases  the  obliquity 
of  the  fracture  is  downward 
and  backward,  and  the  lower 
fragment  is  displaced  forward. 

The  inter-condylar  fracture 
is  a  combination  of  the  supra- 
condylar with  a  vertical  split  running  through  the  articular 
surface,  and  so  implicating  the  joint  (Fig.  145).  The  condyles 
are  thus  separated  from  one  another,  as  well  as  from  the  shaft, 
by  a  T-  or  Y-shaped  cleft.  As  such  fractures  usually  result 
from  severe  forms  of  direct  violence,  they  are  often  comminuted 
and  compound.  In  addition  to  the  signs  of  supra-condylar 
fracture,  the  cavity  of  the  joint  is  filled  with  blood.  The 
condyles  may  be  felt  to  move  upon  one  another,  and  coarse 
crepitus,  which  has  been  likened  to  the  feeling  of  a  bac^  of 
beans,  may  be  elicited  if  the  fragments  are  comminuted  ° 


Fig.  145. — luter-oondylar  Fracture 
of  Lower  End  of  Humerus,  from  a 
crush  between  buffers,  in  a  bov 
a3t.  19. 
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Separation  of  the  lower  epiphysis  (Figs.  146,  147)  of  the 

humerus  is  met  with  in  children  of 
three  or  four  years  of  age,  but  it 
may  occur  up  to  the  thirteenth  or 
fourteenth  year.  The  more  common 
lesion,  however,  is  a  combination  of 
separated  epiphysis  with  fracture,  and 
this  lesion  is  produced  by  the  same 
forms  of  violence  as  cause  supra- 
condylar fracture.  If  the  periosteum 
is  not  torn,  there  is  little  or  no  dis- 
placement, but  as  a  rule  the  clinical 
features  closely  resemble  those  of 
transverse  fractures  above  the  con- 
dyles, or  of  dislocation  of  the  elbow. 
In  separation  of  the  epiphysis  there 
is  a  peculiar  deformity  of  the  pos- 
terior aspect  of  the  joint,  consisting 
of  two  projections — one  the  olecranon 
process,  and 
the  other 

Fig.  146.— Complete  Separa-  ^^iq  promin- 
tion  of  Lower  Epiphysis  of  .,  , 

Humerus.  ent  capitel- 

lum  with  a 

scale  of  cartilage  which  it  carries 
with  it  from  the  external  condyle 
(K.  W.  Smith  and  E.  H.  Bennett). 
The  end  of  the  diaphysis  may  be 
palpated  through  the  skin  in  front. 
Muffled  crepitus  can  usually  be  eli- 
cited, and  there  is  pain  on  pressing 
the  segments  against  one  another. 
Sometimes  the  separation  is  com- 
pound, the  diaphysis  protruding 
through  the  skin. 

Union   takes  place  more  rapidly 
than  in  true  fracture,  _  but,  owing  to 
the   excessive  formation   ot    callus  ^ 
from  the  torn  periosteum  in  front  of        147.— Partial  Separation 
the   ioint   full  flexion  is  often  inter-     of  Lower  Eud  of  Humerus, 
fered  with.     If  the  displaced   epi-     with  fracture  of  Diaphysis. 
physis  is  imperfectly  reduced,  serious 

interference  with  the  function  of  the  elbow  is  liable  to  ensue, 
and  may  call  for  operative  treatment. 
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Fracture  of  either  Condyle  alone. — The  external  condyle 
or  trochlea  is  more  frequently  separated  from  the  rest  of 
the  bone  than  is  the  internal  or  capitellum  (Robert  Jones). 
In  either,  the  size  of  the  fragment  varies,  but  the  line  of 
fracture  is  partly  extra-capsular  and  partly  intra-capsular,  so 
that  the  joint  is  always  involved.  Pain,  crepitus,  a,ud  the 
other  signs  of  fracture  are  present.  As  the  ligaments  of  the 
joint  are  not  as  a  rule  torn,  there  is  little  or  no  immediate 
displacement  of  the  fragment.  Secondary  displacement  is 
liable  to  occur,  however,  during 
the  process  of  union,  produc- 
ing alterations  in  the  "  carrying 
angle"  of  the  limb  —  cubitus 
varus  or  cubitus  valgus  (Figs. 
148,  149). 

Fracture  of  Epicondyles. — 
Fracture  of  the  external  epi- 
condijle  alone  is  so  rare  that  it 
need  only  be  mentioned. 

The  i7iternal  ej^icondyle  may 
be  chi^jped  off  by  a  fall  on  the 
edge  of  a  table  or  kerb-stone,  or 
it  may  be  forcibly  avulsed  by  trac- 
tion through  the  internal  lateral 
ligament,  as  an  accompaniment 
of  dislocation.  It  is  usually  dis- 
placed downwards  and  forwards  U 
by  the  flexor  muscles  attached  to 
it,  and  may  thus  come  to  exert 
pressure  on  the  ulnar  nerve. 
The  fragment  may  be  grasped  fig.  148.-Cubit.,s  Varus  of  Left 
and  made  to  move  on  the  shaft,  Arm  resulting  from  Fracture  of 
producing  crepitus.  Fibrous  union  luteraal  Condyle  of  Humerus 
is  the  imml  rp«nH-  childhood.    Note  imperfect 

IS  ine  usual  result.  development  of  upper  arm. 

Up  to  the  age  of  seventeen  or 
eighteen  the  epiphysis  of  the  epicondyle  may  be  separated. 

Treatment  of  Fractures  in  region  of  Elbow.— The  ad- 
ministration of  a  general  anaesthetic  is  a  valuable  aid  to 
accurate  reduction  and  fixation  of  fractures  in  this  region. 
Much  discussion  has  taken  place  as  to  the  best  position 
in  which  to  treat  tliese  fractures,  and  the  consensus  of 
opmion  IS  in  favour  of  full  flexion  at  the  elbow  with 
supmation.  In  this  view  clinical  experience  is  supported  by 
the  evidence  afforded  by  the  Rontgeu  rays,  as  in  no  other 
VOL.  I.— 33 
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position  can  the  fragments  he  brought  into  such  accurate 
apposition. 

The  suj)ra-condylar  fracture  is  reduced  by  first  extending 
the  elbow  to  free  the  lower  fragment  from  the  triceps,  and 
then,  while  making  traction  through  the  forearm,  manipulating 
the  fragments  into  position,  and  finally  flexing  the  elbow  to 
an  acute  angle  and  supinating  the  forearm.  In  this  way  the 
triceps  is  put  upon  the  stretch  and  forms  a  natural  posterior 
splint.    A  layer  of  wadding  is  placed  in  the  bend  of  the  elbow 

to  separate  the  apposed  skin  sur- 
faces, the  arm  placed  in  a  sling  so 
arranged  as  to  support  the  elbow, 
and  fixed  to  the  side  by  a  body 
bandage.  This  position  is  main- 
tained for  three  or  four  weeks, 
with  daily  massage  and  movement. 
The  last  movement  to  be  attempted 
is  that  of  complete  extension.  Opera- 
tive treatment  is  rarely  called  for. 

Separation  of  the  epiphysis  and 
fracture  of  the  internal  epicondyle 
are  treated  on  the  same  lines  as 
supra-condylar  fracture. 

T-  or  ^-shaped  fractures  and 
fractures  of  the  condyles,  inasmuch 
as  they  implicate  the  articular  sur- 
faces, present  greater  difficulties  in 
treatment,  but  they  are  treated  on 
the  sames  lines  as  the  supra-con- 
dylar. In  young  subjects  whose 
occupation  entails  free  movement  of 
the  elbow-joint,  it  is  sometimes  ad- 
visable to  expose  the  fracture  by 
operation  and  secure  the  fragments 
of  the  operation  vary  in  diflfcrent 
case's,  and  depend  upon  the  line  of  obliquity  of  the  fracture, 
and  the  disposition  of  the  individual  fragments,  pomts  which 
may  usually  be  determined  by  the  use  of  the  X-rays.  In 
performing  the  operation,  care  must  be  taken  to  disturb  the 
periosteum  as  little  as  possible,  lest  the  nutrition  of  the  frag- 
ments be  interfered  with. 

Operative  interference  is  sometimes  necessary  for  ankylosis 
or  locking  of  the  joint  after  the  fracture  is  united,  or  to  relieve 
the  ulnar  nerve  when  it  is  involved  in  callus. 


Fig.  149.— Cubitus  Valgus  of 
Eight  Arm  resulting  from 
Fracture  of  External  Condyle 
in  cliildhood.  Note  imperfect 
development  of  upper  arm. 

in  position.    The  details 
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Fracture  of  the  olecranon  process  is  a  comparatively 
common  injury  in  adults.  It  usually  follows  a  fall  on  the 
flexed  elbow,  and  is  believed  to  result  from  the  direct  impact, 
supplemented  by  the  traction  of  the  triceps  muscle.  In  a  few 
cases  it  has  been  produced  by  muscular  action  alone.  The  line 
of  fracture  usually  passes  through  the  tip  of  the  process,  less 
frequently  through  its  middle,  and  but  rarely  through  the  base. 
It  may  be  transverse,  oblique,  T-  or  V-shaped,  but  is  rarely 
comminuted  or  compound  (Fig.  150). 

Clinical  Features. — As  the  fracture  almost  invariably  im- 
plicates the  articular  surface,  there  is  considerable  swelling  from 
effusion  of  blood  into  the  joint.  The  power  of  extending  the 
forearm  is  impaired,  and  other  symptoms 
of  fracture  are  present.  The  amount 
of  displacement  depends  ixpon  the  level 
of  the  fracture,  and  the  extent  to 
which  the  aponeurotic  expansion  of 
the  triceps  is  torn.  As  the  fracture  is 
usually  near  the  tip,  the  displacement 
is  generally  comparatively  slight,  the 
prolongation  of  the  iibres  of  insertion 
of  the  triceps  on  to  the  lateral  and 
posterior  parts  of  the  process  holding  the 
small  fragment  in  position  (Fig.  150). 
When  the  line  of  fracture  is  nearer  the 
base,  however,  the  contraction  of  the 
triceps  tends  to  separate  the  fragments 
widely  (Fig.  151),  and  a  distant  gap, 
which  is  increased  on  flexing  the  elbow, 
may  often  be  felt  between  them,  and  if  If- -T-shaped  Frao- 
ii,       n,        •  -1         ,      -I    1      ,       ture  ol  Olecranon  Process, 

the  elbow  is  passively  extended,  the 

fragments  may  be  brought  into  apposition,  and  crepitus  elicited. 

When  there  is  little  displacement,  bony  union  may  result 
but  in  many  cases  the  fragments  are  united  only  by  fibrous 
tissue.  The  upper  fragment  sometimes  forms  attachments  to 
the  shaft  of  the  humerus,  and  this  leads  to  stretchin<'  of  the 
fibrous  band  between  the  fragments  and  to  marked  w^stin"  of 
the  triceps. 

Sepai'ation  of  the  olecranon  epiplnjsis  is  one  of  the  rarest 
forms  of  epiphysial  detachment  (Poland).  When  the  epiphysis 
IS  displaced  upwards  and  unites  in  this  position,  it  may  inter- 
lere  with  complete  extension  of  the  elbow. 
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Treatment.  —  It  would  appear  that  too  much  stress  has 
hitherto  been  laid  on  the  necessity  of  bringing  the  fragments 
into  perfect  apposition,  and  too  little  attention  paid  to  the 
importance  of  massage  and  movement  in  maintaining  the 
functions  of  the  muscles  and  joint. 

Massage  and  movements  are  carried  out  from  the  first,  and 
the  forearm  is  supported  in  a  sling.    Full  flexion  is  the  last 


Fig.  151.-Eadiogram  of  Fracture  of  Olecranon  Process,  showing  marked 
degree  of  displacement. 
(Mr.  Robert  Jones'  case.    Radiogram  by  Dr.  D.  Morgan.) 

movement  to  be  attempted.    In  carrying  out  the  movements 
the  tip  of  the  olecranon  is  pressed  down  with  the  thumb,  so  that 
it  is  obliged  to  follow  the  movements  of  the  ulna,  and  is  pre- 
vented from  adhering  to  the  humerus.  ^  i  .  . 

It  was  formerly  the  practice  to  have  the  arm  almost,  but  not 
quite,  fully  extended,  and  a  Gooch  splint,  extending  from  the 
lower  border  of  the  axilla  to  the  finger-tips,  and  cut  to  the 
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shape  of  the  extended  limb  (Fig.  152),  applied  anteriorly  and 
fixed  in  position  by  a  bandage,  the  region  of  the  elbow  being 
covered  by  a  convergent  spica. 

Operative  Treatment. — Operative  treatment  may  be  had  re- 
course to,  particularly  in  cases  in  which  there  is  wide  separation 
of  the  fragments.  It  is  still  an  open  question,  however, 
whether  the  results  are  better  than  those  obtained  by  non- 
operative  measures. 

A  semilunar  incision  with  its  base  above  the  tip  of  the 
olecranon  is  carried  through  the  skin  and  fascia.  The  fracture 
is  exposed,  the  joint  cavity  opened  up  and  cleared  of  clots,  and 
silver-wire  sutures  passed  through  the  fragments  without 
encroaching  upon  the  articular  cartilage.  The  limb  is  fixed 
with  the  elbow-joint  in  the  position  of  almost  complete 
extension.  Movement  may  be  commenced  at  the  end  of  a 
week,  the  angle  at  which  the  joint  is  fixed  being  changed 
morning  and  evening.  During  the  day  the  flexed  position 
should  be  maintained  and  the  arm  carried  in  a  sling ;  during  the 
night  the  limb  is  fixed  to  a  pillow  in  the  extended  position.  The 
patient  is  allowed  to  use  the  joint  cautiously  within  a  fortnight. 

Old-standing  Fractures. — When  firm  union  fails  to  take  place, 
the  interval  between  the  fragments  tends  to  increase  by  the 
contraction  of  the  triceps  gradually  stretching  the  intermediate 
fibrous  tissue,  so  that  a  wide  gap  comes  to  separate  the  frag- 
ments. If  the  function  of  the  limb  is  impaired,  the  best 
treatment  is  to  expose  the  fragments;  refresh  their  edges,  and 
wire  them. 

Fracture  of  the  coronoid  process  is  rare  except  as  a 
complication  of  backward  dislocation  of  the  elbow.  It  may 
be  produced  by  direct  violence,  as  well  as  by  muscular  action. 
As  the  fracture  is  usually  within  a  quarter  of  an  inch 
of  the  tip,  the  fibres  of  insertion  of  the  brachialis  anticus 
tend  to  prevent  displacement.  The  ordinary  evidences  of 
fracture  are  often  absent,  and  the  diagnosis  is  seldom  completed 
without  the  aid  of  the  X-rays.  The  treatment  consists  in 
flexmg  the  elbow  and  supporting  the  forearm  in  a  slino-  In 
some  cases  associated  with  dislocation,  however,  the°small 
fragment  has  been  so  far  displaced  as  to  become  attached  to  the 
back  of  the  condyles  of  the  humerus  (Annandale). 

Fractures  of  the  Upper  End  of  the  Radius 

Intra-capsular  fracture  of  the  head  of  the  radius  may  result 
from  direct  violence,  from  a  fall  on  the  pronated  hand,  or  from 
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forcible  pronation  or  abduction — that  is,  deviation  of  the 
forearm  to  the  radial  side.  It  may  accompany  dislocation  of 
the  elbow  or  fracture  of  adjacent  bones.  The 
head  may  be  completely  separated,  or  may  be 
split  into  two  or  more  fragments.  Up  to  the 
seventeenth  year,  the  ejiipliysis,  which  is  entirely 
intra-articular,  may  be  separated. 

The  clinical  features  are  localised  pain,  crepi- 
tus, interference  with  pronation  and  supination, 
while  the  elbow  can  be  almost  fully  extended 
and  flexed,  and  in  some  cases  the  fragment  may 
be  felt  through  the  skin,  although  it  usually 
continues  to  move  with  the  shaft  in  pronation 
and  supination. 

Union  generally  takes  place  satisfactorily,  but 
Splint   for  in  some  cases  the  fragments  form  new  attach- 
Fractiire  of  ments  resulting  in  impaired  movement  at  the 
Olecrauon.  gi^Q^^  and  necessitating  operative  interference. 
in°g  angle°' Fracture  of  the  neck  of  the  radius  between 

the  capsule  and  the  tubercle  is  rare. 
Avulsion  of  the  tubercle 
may  occur  from  forcible  con- 
traction of  the  biceps,  or, 
in  children,  from  traction 
made  on  the  forearm  (A.  L. 

^  These  injuries  are  treated  153.-Fracture  of  Coronoid  Process, 
with  the  elbow  in  the  flexed 

position,  and  massage  and  movement  are  carried  out  as 
already  described. 


FiG.152.— Goocli 


Dislocations  of  the  Elbow 

Dislocations  of  the  elbow-joint  may  involve  one  or  both 
bones   of   the   forearm,  and   may  be   complete   or  mcom- 

Dislocation  of  both  bones  backward  is  the  most  common  of 
all  dislocations  of  the  elbow,  and  is  the  only  dislocation  m  the 
body  that  is  frequently  met  with  in  children.  It  usually 
results  from  a  fall  on  the  outstretched  hand,  causing  hyper- 
extension  of  the  joint  with  abduction-that  is,  latera  deviation 
towards  the  radial  side  ;  but  it  may  follow  a  direct  blow  on  lie 
back  of  the  humerus,  a  fall  on  the  elbow,  or  a  twist  of  the 
forearm. 


DISLOCATIONS  OF  THE  ELBOW 


519 


Morbid  Anatomy. — All  the  ligaments  of  the  elbow,  except 
the  orbicular,  are  torn  or  stretched.  The  radius  and  ulna  pass 
backward,  the  coronoid  process  coming  to  rest  opposite  the 
olecranon  fossa  behind  the  humerus,  and  the  head  of  the  radius 
behind  the  external  condyle.  The  condyles  of  the  humerus 
bear  their  normal  relations  to  one  another.  The  olecranon 
•  process  and  triceps  tendon  form  a  marked  prominence  on  the 
back  of  the  elbow,  the  tip  of  the  olecranon  lying  above  and 
behind  the  condyles.  The  lower  end  of  the  humerus  lies  in 
the  flexure  of  the  joint  with 
the  biceps  tendon  tightly 
stretched  over  it.  The  coro- 
noid process  is  often  broken, 
or  the  tendon  of  the  brachialis 
anticus  torn.  The  median  and 
ulnar  nerves  may  be  stretched 
or  torn.  jSTot  infrequently  the 
bones  of  the  forearm  are  dis- 
placed towards  the  inner  side 
as  well  as  backward. 

Occasionally,  as  a  sequel  to 
backward  dislocation  of  the 
elbow,  processes  of  bone  de- 
velop in  relation  to  the  inser- 
tion of  the  brachialis  anticus, 
and  interfere  with  the  move- 
ments of  the  joint.  These 
out-growths  are  due  to  dis- 
placement of  bone  -  forming 
elements,  either  at  the  time  of 
the  original  injury,  or  as  a 
result  of  forcible  efforts  at 
reduction.  According  to  D.  M. 
Greig,  they  do  not  develop  in 
the  tendon  of  the  brachialis  anticus,  but  under  it,  and  are  not 
of  the  nature  of  myositis  ossificans.  In  from  four  to  six  weeks 
after  reduction  of  the  dislocation,  the  mobility  of  the  joint 
begins  to  be  restricted,  and  a  hard  mass  can  be  felt  in  the 
ante-cubital  fossa,  which  with  the  X-rays  is  seen  to  be  a  bony 
out-growth  springing  from  the  quadrilateral  space  on  the  front 
of  the  elbow  below  the  coronoid  process  (Fig.  156).  This 
gradually  increases  in  size  and  leads  to  fixation  of  the  joint. 
In  most  cases  the  efTects  reach  their  maximum  in  about  six 
months,  and  then  reabsorption  of  the  mass  begins. 


Fig.  154. — Backward  Dislocation  of 
Elbow,  iu  a  boy  fet.  10,  caused  by  a 
fall  off  a  wall,  landing  on  the  elbow. 
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If  the  disability  shows  no  sign  of  abatement  within  a  year, 
or  if  the  bony  out-growth  is  producing  pressure  effects  on  the 
median  nerve,  it  should  be  removed  by  operation. 

It  is  important  not  to  mistake  this  condition  for  the  effects 
of  a  fracture  which  has  complicated  the  dislocation  and  been 
overlooked  at  the  time  of  the  accident. 

Clinical  Features.- — The  elbow  is  held  fixed  at  an  angle  of 
about  120°,  pronated  or  midway  between  pronation  and  supina- 
tion (Fig.  154).  Any  attempt  at  movement  causes  great  pain, 
and  is  followed  by  an  elastic  rebound  to  the  abnormal  position. 
The  antero-posterior  diameter  of  the  joint  is  increased,  and  the 
forearm,  as  measured  from  the  external  condyle  to  the  tip  of 
the  styloid  process  of  the  radius,  is  shortened  to  the  extent  of 
about  an  inch.  If  examined  before  swelling  ensues,  the  out- 
lines of  the  articular  surfaces  may  be  recognised  in  their 
abnormal  positions,  but  swelling  usually  comes  on  rapidly,  and, 
by  obscuring  the  bony  landmarks,  renders  the  diagnosis  difficult. 

This  injury  has  to  be  diagnosed  from  supra-condylar  fracture 
with  backward  displacement  of  the  lower  fragment  and  from 
separation  of  the  lower  humeral  epiphysis.  A  general  anaes- 
thetic is  often  necessary  to  enable  an  accurate  diagnosis  to  be 
made.  When  the  deformity  is  once  reduced,  there  is  no 
tendency  to  its  reproduction  unless  the  coronoid  process  is  also 
fractured.  In  a  considerable  number  of  cases — according  to 
E.  H.  Bennett,  in  the  majority — this  dislocation  is  incomplete, 
the  coronoid  process  resting  at  the  level  of  the  trochlea,  and 
the  backward  projection  of  the  olecranon  being  scarcely  appreci- 
able. The  head  of  the  radius,  however,  is  unduly  prominent. 
In  such  cases  the  lesion  is  liable  to  be  overlooked,  and  there- 
fore to  go  untreated,  leading  to  permanent  impairment  of 
function  of  the  joint. 

Dislocation  forward  is  much  less  common  than  the  back- 
ward variety.  It  is  produced  by  severe  force  acting  from 
behind  on  the  flexed  elbow,  the  ulna  being  driven  forward, 
tearing  the  ligaments  of  the  joint  and  the  muscles  attached  to 
the  condyles.  The  olecranon  process  is  frequently  fractured  at 
the  same  time  (Fig.  156).  When  it  remains  intact,  it  may  rest 
below  the  condyles  (incomplete  or  first  stage  of  dislocation),  or 
may  pass  in  front  of  them,  especially  if  the  triceps  is  ruptured 
(complete  or  second  stage).  The  forearm  is  lengthened,  the 
elbow  slightly  flexed,  the  posterior  aspect  of  the  joint  flattened, 
and  the  condyles,  in  their  abnormal  relationship,  can  be  pal- 
pated from  behind. 

Lateral  Dislocations. — Dislocation  towards  the  ulnar  side— 
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inioard — is  always  incomplete,  some  portion  of  the  articular 
surface  of  the  bones  of  the  forearm  remaining  in  contact  with 
the  condyles. 


Fifi.  155.— Eadiograni  of  Complete  Backward  Dislocation  of  Elbow. 
(Photograph  Ijy  Dr.  Dawson  Turner.) 

The  radial  or  ouhoarcl  dislocation  is  also  incomplete  as  a  rule, 
although  cases  have  been  recorded  in  which  complete  separation 
had  taken  place. 
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Both  forms  of  lateral  dislocation  are  rare,  the  inward  variety 
being  that  more  frequently  observed.  Each  form  is  often  com- 
bined with  other  injuries  in  the  region  of  the  joint,     f  b'' 

The  most  common  cause  of  these  dislocations  is  a  fall  on  the 
outstretched  hand,  the  forearm  at  the  moment  being  strongly 


Fig.  156.— Bony  Ont-growth  in  relation  to  insertion  of  Bracliialis  Anticus, 
following  Backward  Dislocation  of  Elbow-. 
(Mr.  Robert  Jones'  case.    Radiogram  by  Dr.  D.  Jlorgan.) 

pronated.  Forced  abduction  favours  the  inward  displacement ; 
adduction  the  outward.  The  limb  is  held  tle.Ked  and  pronated, 
and  the  facility  with  which  the  bony  points  can  be  palpated 
renders  the  diagnosis  easy. 

In  a  few  cases  diverging  dislocations  have  been  met  with, 
the  radius  and  ulna  being  separated  from  one  another,  the 
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orbicular  ligament  being  torn  and  no  longer  holding  them 
together. 

Treatment  of  Dislocations  of  Elbow. — The  chief  obstacle 
to  reduction  in  the  backward  and  lateral  dislocations  is  the 
spasmodic  contraction  of  the  muscles  passing  over  the  joint, 
and  sometimes  the  hitching  of  the  coronoid  process  against  the 
edge  of  the  olecranon  fossa.  In  recent  cases,  to  effect  reduction 
the  patient  is  seated  on  a  chair,  while  the  surgeon  grasps  the 
humerus  and  wrist,  and  places  his  knee  in  the  bend  of 
the  elbow.  .  The  limb  is  first  fully  extended,  or  even  hyper- 
extended,  to  relax  the 
triceps  and  free  the  coro- 
noid process.  Traction  is 
then  made  in  opposite 
directions  upon  the  forearm 
and  upper  arm,  the  sur- 
geon's knee  meanwhile 
making  pressure,  in  a  back- 
ward direction,  upon  the 
lower  end  of  the  humerus. 
The  joint  is  next  slowly 
flexed,  and  the  bones  slip 
into  position,  often  with  a 
distinct  snap.  ■  If  the 
patient  be  ansethetised, 
these  manipulations  must 
be  adapted  to  the  recum- 
bent position. 

When  some  days  have 
elapsed  before  reduction  is 
attempted,  adhesions  must 
be  broken  down  by  flexing, 
extending,  and  laterally 
moving  the  joint,  under 
an  anaesthetic,  before  the 
above  manipulations  are  carried  out.  To  avoid  the  risk  of 
ossiflcation  occurring  at  the  insertion  of  the  brachialis  anticus, 
which  is  apt  to  foUoM'  iipon  forcible  manipulations,  the  disloca- 
tion may  be  reduced  by  open  operation  (D.  M.  Greig). 

After  reduction,  the  limb  is  flexed  to  rather  less  than  a  right 
angle  and  supported  by  a  sling.  Massage  and  movement  are 
commenced  at  once. 

Fracture  of  the  coronoid  process  predisposes  to  recurrence 
of  the  dislocation;  when  this  complication  exists,  therefore. 


Fig.  157. — Backward  aud  outwanl  Dis- 
location of  Bones  of  Forearm  on  Left 
Side,  in  a  boy  £et.  10. 
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the  limb  should  be  fixed  at  an  acute  angle,  and  movements 
of  full  extension  postponed  for  a  fortnight.  Massage  and 
limited  movements,  however,  may  be  carried  out  from  the 
first. 

If  there  is  a  fracture  of  the  olecranon  process,  the  treatment 
must  be  modified  accordingly  (p.  516). 

Comminuted  and  compound  injuries  usually  call  for  operative 
treatment,  the  fractured  bones  being  wired  after  reduction  of 
the  dislocation,  or  the  loose  fragments  removed. 

The  forward  dislocation  is  reduced  by  fully  flexing  the  elbow, 
and  the^i  pushing  the  bones  of  the  forearm  backward,  while  the 
humerus  is  pulled  forward. 

Old-standing  Dislocations. — It  is  seldom  possible  to  reduce 
by  manipulation  a  dislocation  of  the  elbow  which  has  remained 
displaced  for  five  or  six  weeks,  especially  when  it  has  been 
complicated  by  a  fracture.  The  joint  surfaces  become  welded 
together  by  adhesions,  and  separated  fragments  often  form 
attachments  which  completely  lock  the  joint.  Attempts  to 
break  these  down  are  attended  with  considerable  risk  of  re-frac- 
turing the  bone  or  of  tearing  the  soft  parts.  In  such  cases  it  is 
best  to  expose  the  joint  and  to  remove  a  sufficient  amount  of  the 
lower  end  of  the  humerus  to  provide  a  movable  and  useful  joint. 

Dislocation  of  the  ulna  alone  is  a  rare  injury,  and  is  usually 
associated  with  fracture  of  one  or  other  of  its  processes  or  of 
the  internal  condyle. 

Dislocation  of  the  radius  alone,  on  the  other  hand,  is  com- 
paratively common,  especially  as  a  concomitant  of  fracture  of 
the  upper  third  of  the  shaft  of  the  ulna  (Fig.  159). 

The  injury  may  result  from  a  blow  on  the  back  of  the  upper 
end  of  the  radius,  a  fall  on  the  outstretched  hand,  or,  in 
children,  from  forcible  traction  on  the  forearm  while  in  the 
pronated  position.  The  displaced  head  usually  passes /bricwrf, 
and  rests  on  the  anterior  edge  of  the  capitellum,  thus  preventing 
<Jomplete  flexion  and  supination  of  the  limb. 

The  limb  is  held  partly  flexed  and  pronated.  The  displaced 
head  of  the  radius  can  be  felt  to  rotate  with  the  shaft  in  its 
abnormal  position,  and  the  articular  facet  on  the  head  of  the 
radius  may  also  be  felt ;  there  is  a  depression  posteriorly  below 
the  external  condyle  where  the  head  should  be.  The  radial 
side  of  the  forearm  is  slightly  shortened.  The  radial  and 
posterior  interosseous  branches  of  the  musculo-spiral  nerve  are 
liable  to  be  pressed  upon  or  torn  by  the  displaced  head  of  the 
radius,  especially  if  the  ulna  is  fractured,  leading  to  disturbances 
in  the  area  of  their  distribution. 
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In  a  few  cases  the' displacement  of  the  head  has  been  hach- 
icard  or  outward. 

Treafmenf. — To  effect  reduction,  the  forearm  should  be  alter- 
nately flexed  and  extended,  while  traction  is  made  upon  it  from 
the  wrist,  and  the  head  of  the  radius  is  pressed  backward  with 
the  thumb  in  the  fold  of  the  elbow.    When  reduction  is  pre- 


FiG.  158  — Forward  Dislocation  of  Elbow,  with  Fracture  of  Olecranon. 
(Mr.  Robert  Jones'  case.    Radiogram  by  Dr.  D.  Morgan.) 

vented  by  the  interposition  of  a  portion  of  the  torn  ligaments 
between  the  bones,  it  is  sometimes  necessary  to  open  the  joint 
to  ensure  accurate  adjustment.  The  joint  is  fixed  in  acute 
flexion  to  relax  the  biceps,  to  allow  of  union  of  the  torn 
ligaments,  and  to  prevent  recurrence. 

In  old-standing  cases,  to  obtain  a  useful  joint,  or  to  remove 
pressure  from  the  branches  of  the  musculo-spiral  nerve,  resection 
of  the  head  of  the  radius  may  be  necessary. 
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Sub-luxation  of  the  head  of  the  radius,  or  "  dislocation  by 
elongation,"  is  a  comparatively  common  injury  in  children 
between  the  ages  of  two  and  six.  It  almost  invariably  results 
from  the  child  being  lifted  or  dragged  by  the  hand  or  forearm. 
The  traction  and  torsion  thus  put  upon  the  radius  causes  the 
front  part  of  its  head  to  pass  out  of  the  orbicular  ligament,  the 
edge  of  Avhich  slips  between  the  bones. 

The  person  holdmg  the  child  may  feel  a  click  at  the  moment 
of  displacement.  The  child  complains  of  pain  in  the  region  of 
the  elbow  ;  the  arm  at  once  becomes  useless,  and  is  held  flexed, 
midway  between  pronation  and  supination.  All  movements 
are  painful,  but  especially  movements  in  the  direction  of 
supination.  The  deformity  is  slight,  but  the  head  of  the 
radius  may  be  unduly  prominent  in  front.    From  the  way  in 


Fig  159  —Forward  Dislocation  of  Head  of  Radius,  with  Fracture  of 
Slmft  of  Ulna. 

which  the  injury  is  produced  the  wrist  also  is  often  swollen, 
and  in  some  cases  the  patient  is  brought  to  the  surgeon  on 
account  of  the  condition  of  the  wrist,  and  attention  is  not 
directed  to  the  elbow. 

Treatment —Red-action  frequently  takes  place  spontaneously 
or  during  examination,  the  function  of  the  arm  being  at  once 
completely  restored.  In  other  cases  it  is  necessary,  under 
anesthesia,  to  manipulate  the  head  of  the  bone  into  position 
This  is  usually  easily  done  by  flexing  tlie  elbow,  making  slight 
traction  on  the  forearm,  and  alternately  pronating  and  supmatmg 
it.  After  reduction,  a  few  days'  massage  is  all  that  is  necessary, 
the  joint  in  the  intervals  being  kept  at  rest  in  a  sling. 

Sprains  of  the  elbow  are  comparatively  common  as  a  result 
of  a  fall  on  the  hand  or  a  twist  of  the  forearm.  The  point  ot 
maximum  tenderness  is  usually  over  the  radio-humeral  jomt, 
the  external  lateral  and  orbicular  ligaments  being  those  most 
frequently  damaged.  Effusion  takes  place  into  the  synovial 
cavity,  and  a  soft,  pufi^y  swelling  fills  up  the  natural  hollows 
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about  the  joint.  The  bony  points  about  the  elbow  retain  their 
normal  relationship  to  one  another — a  feature  which  aids  in 
determining  the  diagnosis  between  a  sprain  and  a  dislocation 
or  fracture.  In  children  it  is  often  difficult  to  distinguish 
between  a  sprain  and  the  partial  separation  of  an  epiphysis. 
Sprains  of  the  elbow  are  treated  on  the  same  lines  as  similar 
lesions  elsewhere — by  massage  and  movement. 

The  condition  known  as  tennis  elbow  is  characterised  by 
severe  pain  over  the  attachment  of  one  or  other  of  the  muscles 
about  the  elbow,  particularly  the  insertion  of  the  pronator  radii 
teres  during  the  act  of  pronation,  and  is  due  to  stretching  or 
tearing  of  the  fibres  of  that  tendon,  and  of  the  adjacent  inter- 
muscular septa.  A  similar  injury — sculler's  sprain — occurs  in 
rowing  men  from  feathering  the  oars.  The  treatment  consists 
in  massage  and  movement,  care  being  taken  to  avoid  the 
movements  which  jjroduced  the  injury.  In  persistent  cases, 
blistering  or  the  use  of  hot-air  baths  may  be  useful. 

Fractures  of  the  Forearm 

The  shafts  of  the  bones  of  the  forearm  may  be  broken  separ- 
ately, but  it  is  much  more  common  to  find  both  broken  together. 

Fracture  of  both  bones  may  result  from  a  direct  blow,  from 
a  fall  on  the  hand,  or  from  their  being  bent  over  a  fixed  object. 
The  line  of  fracture  is  usually  transverse,  both  bones  giving  way 
about  the  same  level.  The  common  situation  is  near  the  middle 
of  the  shafts.  In  children,  greenstick  fracture  of  both  bones  is 
a  frequent  result  of  a  fall  on  the  hand — this  indeed  being  one 
of  the  commonest  examples  of  greenstick  fracture  met  with 
(Fig.  160). 

The  displacement  varies  Avidely,  depending  partly  upon  the 
force  causing  the  fracture,  partly  on  the  level  at  which  the 
bones  break,  and  on  the  muscles  which  act  on  the  respective 
fragnrents.  It  is  common  to  find  an  angular  displacement  of 
both  bones  to  the  radial  or  to  the  ulnar  side.  In  other  cases 
the  four  broken  ends  impinge  upon  the  interosseous  space,  and 
may  become  united  to  one  another,  preventing  the  movements 
of  pronation  and  supination.  There  may  be  shortening  from 
over-ridiug  of  fragments. 

When  the  radius  is  broken  above  the  insertion  of  the  pro- 
nator radii  teres,  its  upper  fragment  may  be  supinated  by  the 
biceps  and  supinator  brevis,  while  the  lower  fragment  remains 
in  the  usual  semi-prone  position.  If  union  takes  place  in  this 
position,  the  power  of  complete  supination  is  permanently  lost. 
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The  usual  symptoms  of  fracture  are  present,  and  there  in 
seldom  any  difficulty  in  diagnosis. 

The  prognosis  must  be  guarded,  especially  with  regard  to 
the  preservation  of  pronation  and  supination.  These  move- 
ments may  be  interfered  with  if  union  takes  place  in  a  bad 
position  with  angular  or  rotatory  deformity  of  one  or  both 
bones,  or  if  callus  is  formed  in  excess  and  causes  locking  of 
the  bones.  In  some  cases  the  callus  fuses  the  two  bones  across 
the  interosseous  space,  and  pronation  and  supination  are 
rendered  impossible. 

Persistent  angular  deformity  of  the  forearm  is  also  liable  to 
ensue,  either  from  failure  to  correct  the  displacement  primarily, 
or  from  subsequent  bending  due  to  ill-applied  splints  or  slings. 
Want  of  union,  or  the  formation  of  a  false  joint  in  one  or  both 
bones,  is  sometimes  met  with,  particularly  in  children,  and,  like  | 


Fig.  160.— Greeustick  Fracture  of  both  Bones  of  the  Forearm. 

the  corresponding  fracture  of  the  leg,  is  liable  to  prove  very 
intractable  (Fig.  161). 

A  considerable  number  of  cases  of  gangrene  of  the  hmb 
after  simple  fracture  of  the  forearm  are  on  record.  This  is 
sometimes  attributable  to  damage  inflicted  upon  the  blood- 
vessels by  the  fractured  bones,  or  to  the  force  that  caused 
the  fracture,  but  is  oftener  due  to  a  roller  bandage  applied  ^ 
underneath  the  splints  strangulating  the  limb,  to  injudiciously 
applied  pads,  or  to  too  tight  bandaging  over  the  splints. 
Volkmann's  ischsemic  contracture  occasionally  develops  after 
fractures  of  the  forearm. 

In  uncomplicated  cases,  union  takes  place  in  from  three  to 
four  weeks. 

Treatment. — To  ensure  accurate  reduction  and  coaptation,  a 
general  anissthetic  is  usually  necessary.  In  the  grecnstick 
variety  the  bones  must  be  completely  straightened,  the  fracture 
being  rendered  complete,  if  necessary,  for  this  purpose. 
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To  retain  the  bones  in  position,  anterior  and  posterior  splints 
are  then  applied.  These  are  made  to  overlap  the  forearm 
by  about  half  an  inch  on  each  side,  to  avoid  compressing  the 
forearm  laterally,  and  so  making  the  fractured  ends  encroach 
upon  the  interosseous  space.  The  dorsal  splint  is  usually  made 
to  extend  from  the  olecranon  to  the  knuckles,  and  the  palmar 
one  from  the  bend  of  the  elbow  to  the  flexure  in  the  middle  of 
the  palm,  a  piece  being  cut  out  to  avoid  pressure  on  the  ball  of 
the  thumb  (Fig.  162).    The  splints  are  applied  with  the  elbow 


Fig.  161. — Un-united  Fracture  of  both  Bones  of  Forearm  in  a  child. 
Subsequently  cured  by  operation. 

flexed  to  a  right  angle,  and,  except  when  the  radius  is  broken 
above  the  level  of  the  insertion  of  the  pronator  radii  teres,  with 
the  forearm  midway  between  pronation  and  supination.  The 
limb  is  placed  in  a  sling,  so  adjusted  that  it  supports  equally  the 
hand  and  elbow  in  order  to  avoid  angular  deformity,  and  the 
upper  arm  fixed  by  a  body  bandage.  The  use  of  special  inter- 
osseous pads  is  to  be  avoided,  as  they  are  liable  to  cause 
gangrene  of  the  skin. 

"When  the  fracture  of  the  radius 
is  above  the  insertion  of  the 
pronator  radii  teres,  the  forearm 
should  be  placed  in  the  position 
of  complete  supination,  with  the 
elbow  flexed  to  an  acute  angle, 
and  retained  in  this  position  by 
a  moulded  posterior  splint,  and 
the  arm  fixed  to  the  side  by  a 
body  bandage.  Great  care  is 
necessary  in  the  adjustment  of  the  apparatus  to  prevent  pro- 
nation. 

Massage  and  movement  should  be  carried  out  from  the  first. 
It  is  usually  necessary  to  continue  wearing  the  splints  for  about 
three  weeks. 

VOL.  I.— 34 
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Fig.  162.— Goocli  Splints  I'or  Frac- 
ture of  botli  Bones  of  Forearm. 
(These  are  applied  with  the 
wooden  side  towards  the  skin. ) 
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In  cases  of  mal- union,  especially  when  the  bones  are 
ankylosed  to  one  another  across  the  interosseous  space, 
operation  may  be  necessary,  but  it  is  neither  easy  in  its 
performance  nor  always  satisfactory  in  its  results.  The  seat 
of  fracture  should  be  exposed  by  one  or  more  incisions  so 
placed  as  to  enable  the  muscles  to  be  separated  and  to  give 
access  to  the  callus.  When  the  limb  is  straight,  it  is  only 
necessary  to  gouge  away  the  exuberant  callus  that  interferes 
with  rotatory  movements ;  but  when  there  is  an  angular 
deformity  (Fig.  164)  the  bones  must,  in  addition,  be  divided 
and  re-set,  and,  if  necessary,  wired  in  good  position.  In 
comparatively  recent  cases  it  is  sometimes  possible,  without 
operation,  to  re-fracture  the  bones  and  to  set  them  anew. 

Un-unitecl  fracture  of  the  bones  of  the  forearm  (Fig.  161)  is 
treated  on  the  usual  lines. 

Fracture  of  the  shaft  of  the  radius  alone  may  be  due  to  a 


Fici.  163. — To  illustrate  Splints  for  Fracture  of  Forearm. 

direct  blow ;  to  indirect  violence,  such  as  a  fall  on  the  hand ; 
or  to  forcible  pronation  against  resistance,  as  in  wringing 
clothes.  It  is  rare  in  comparison  with  fracture  of  both  bones. 
When  broken  above  the  insertion  of  the  pronator  radii  teres, 
the  upper  fragment  is  flexed  and  supinated  by  the  biceps  and 
supinator  brevis,  while  the  lower  fragment  remains  semi- 
prone,  and  is  drawn  towards  the  ulna  by  the  pronator 
quadratus. 

When  the  fracture  is  below  the  pronator  radu  teres,  the 
displacement  depends  upon  the  direction  of  the  force  and  the 
obliquity  of  the  fracture.  In  fractures  of  the  lower  thn-d 
of  the  shaft,  the  hand  may  be  flexed  toward  the  radial 
side,  and  the  styloid  lies  at  a  higher  level,  as  in  a  Colles 

fracture.  .         .  , 

In  addition  to  the  ordinary  signs  of  fracture,  there  is  partial 
or  complete  loss  of  pronation  and  supination.  The  head  of 
the  radius  as  a  rule  does  not  move  with  the  lower  part 
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of  the  shaft,  but  may  do  so  if  the  fracture  is  incomplete  or 
impacted. 

Fracture  of  the  shaft  of  the  ulna  alone  is  also  comparatively 
rare.  It  is  almost  ahvays  due  to 
a  direct  blow  sustained  while 
protecting  the  head  from  a  stroke, 
or  to  a  fall  on  the  ulnar  edge  of 
the  forearm,  as  in  going  up  a 
stair. 

The  upper  third  is  most  fre- 
quently broken,  and  this  injury  is 
often  associated  with  dislocation  of 
the  head  of  the  radius  (Fig.  159), 
or  some  other  injury  implicating 
the  elbow-joint.  On'  account  of 
the  superficial  position  of  the 
bone,  this  fracture  is  frequently 
compound. 

The  displacement  depends  on 
the  direction  of  the  force,  the 
fragments  being  usually  driven 
towards  the  interosseous  space. 
There  is  seldom  marked  de- 
formity unless  the  head  of  the 
radius  is  dislocated  at  the  same 
time.    The  diagnosis  is,  as  a  rule,  easy. 

The  treatment  is  the  same  as  for  fracture  of  both  bones,  but 
the  splints  may  be  dispensed  with  at  the  end  of  a  fortnight. 


Fig.  164.— Badly  united  Fracture 
of  both  Bones  of  Forearm.  Boy 
set.  11.  Probably  an  unreduced 
greenstick  fracture. 
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INJURIES  IN  THE  REGION  OF  THE  WRIST  AND 

HAND 

Surc'ical  Anatomy-FRAOTUEBS  or  Lower  End  of  Radius  :  C7oMes' 
fracture  ■  Chauffeur's  fracture ;  Smith's  fracture ;  Loncjitudmal 
fracture  ;  Separation  of  epiphysis— -Fractvres  of  Lower  Ekd  of 
Ulna  -  Shaft:  Styloid  process  ;  Sejiaration  of  epijihysis—h  s.actvr%s 
OF  Carpal  Bones— Dislocations  :  Inferior  radio-ulnar  joint; 
Badio-carpal  joint;  Carpal  hones;  Garpo-metacarpal joint— ^VBJJ.^s. 

Injuries  in  the  Region  of  the  Wrist 

These  include  fractures  of  the  lower  ends  of  the  hones  of  the 
forearm,  or  separation  of  their  epiphyses;  sprains  and  disloca- 
tions of  the  inferior  radio-ulnar,  and  of  the  radio-carpal 
articulations;  and  fractures  and  dislocations  of  the  carpus. 

Surgical  Anatomy. -The  most  important  landmarks  in  the  region  of 
thP  wfist  are  the  styloid  processes  of  the  radms  and  ulna.  The  tip  of 
the  radSl  styloM  is  palpable  in  the  "anatomical  snuff-box  '  between  the 
endons  of  the  extensor  brevis  and  extensor  longus  polhcis,  and  it  lies 
nhnVit  half  an  inch  lower  than  the  ulnar  styloid.  The  ulnar  styloid  is 
Sst  recognised  on  making  deep  pressure  a  little  below  and  m  front  of 
the  head  of  the  ulna,  which  forms  the  rounded  subcutaneous  prominence 
seen  on  the  back  of  the  wrist  when  the  hand  is  pronated. 

The  tubercle  of  the  scaphoid  and  the  trapezium  f^i,  between 
thJ  radial  styloid  and  thi  ball  of  the  thumb,  a  little  Lelow  the  radial 
Sfyloid    Ld  the  pisiform  and  hook  of  the  unciform  are  palpable,  slightly 

'r^£-n^iS">"d  wiS;t;  different  bony  points  should  be 

{r;?e:troroVd    i^nSVer^Vhe  power  ^^^^ 

ictive  and  passile-at  the  various  joints  should  also  be  tested. 

Fractures  of  the  Lower  End  of  the  Radius 

Cones'  Fracture—This  injury,  which  was  first  descri^^^^^ 
by  Colles  of  Dublin  in  1814,  is  one  of  the  commonest  fractures 
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Fig.  165. — C'olles'  Fracture. 
Moderate  degree  of  deformity. 


in  the  body,  and  is  especially  frequent  in  women  beyond 
middle  age.  It  is  almost  invariably  the  result  of  a  fall  on  the 
palm  of  the  hand,  in  the  three-quarters  pronated  position 
(Fullerton),  the  force  being  received  on  the  ball  of  the  thumb, 
and  transmitted  through  the  carpus  to  the  lower  end  of  the 
radius.  "  If  at  the  moment  of  impact  the  angle  between  the 
axis  of  the  forearm  and 
ground  is  less  than  60°, 

the  line  representing  the  ^ 
dii'ection  of  the  force 
passes  upwards  in  front 
of  the  axis  of  the  fore- 
arm ;  the  whole  shock  is 
therefore  borne  by  the 
lower  end  of  the  radius, 
which  is  broken  off,  and 
the  force  being  continued,  the  lower  fragment  is  driven  back- 
wards "  (John  Chiene). 

The  fracture  takes  place  through  the  cancellated  extremity 
of  the  bone,  within  a  half  to  three-quarters  of  an  inch  of  its 
articular  surface  (Fig.  167).  It  is  usually  transverse,  but  may 
be  slightly  oblique,  from  above  downwards  and  from  with- 
out inwards.  In  a  considerable  proportion  of  cases  it  is 
impacted,  and  not  infrequently  the  lower  fragment  is  com- 
minuted, the  fracture  extending  into  the  radio-carpal  joint. 

When  impaction  takes 
place,  it  is  usually  re- 
ciprocal, the  dorsal  edge 
of  the  upper  fragment 
piercing  the  lower  frag- 
ment, and  the  palmar 
edge  of  the  lower  frag- 
ment piercing  the  upper. 
The  mechanism  produc- 
ing comminution  of  the 
,.  ^        ,  lower  fragment  is  prac- 

tically constant,  the  upper  fragment  being  forced  as  a  wedge 
into  the  lower,  taking  effect  first  and  chiefly  on  the  side  of 
the  fragment  next  the  ulna  (E.  H.  Bennett).  The  periosteum 
is  usual  y  torn  and  stripped  from  the  palmar  aspect  of  the 
fragments,  while  it  remains  intact  on  the  dorsum 

in  the  majority  of  cases  the  styloid  process  of  the  ulna  is 
orn  oft   by  traction  exerted  through   the   internal  lateral 


Fig.  156.— Colles'  Fracture,  in  a  man  ret.  30, 
from  a  fall  ou  the  palm.  "  Inverted-spoon  " 
delormity  well  marked. 


534 


INJURIES  OF  WRIST  AND  HAND 


The  resulting  displacement  is  of  a  threefold  character  :  (1) 
the  lower  fragment  is  displaced  backwards;  (2)  its  carpal 
surface  is  rotated  backwards  on  a  transverse  diameter  of  the 
forearm;  while  (3)  the  whole  fragment  is  rotated  upward 
through  the  arc  of  a  circle,  the  centre  of  which  is  situated 
at  the  ulnar  attachment  of  the  triangular  ligament,  the  radius 
of  the  circle  being  a  line  from  the  ulnar  attachment  of  the 
triangular  ligament  to  the  tip  of  the  styloid  process  of  the 
radius:  stated  more  simply,  the  radial  styloid  is  tilted  so 
that  it  comes  to  lie  at  a  higher  level  than  normal  (John 

Chiene).  . 

Clinical  Features.— In  a  typical  case  there  is  a  markea  ■ 
prominence  on  the  back  of  the  wrist,  caused  by  the  displaced 
lower  fragment,  with  a  depression  just  above  it  (Fig.  166) ;  and 
the  wrist  is  broadened'from  side  to  side.  The  natural  hollow 
on  the  palmar  aspect  of  the  radius  is  filled  up  by  the  projection 
of  the  upper  fragment.  The  carpus  is  carried  to  the  radial  side 
by  the  upward  rotation  of  the  lower  fragment,  and  the  radial 
styloid  is  raised  so  that  it  lies  as  high,  or  even  higher,  than 
that  of  the  ulna.  The  lower  end  of  the  ulna  is  rendered 
unduly  prominent  by  the  flexion  of  the  hand  to  the  radial  side. 
The  fingers  are  partially  flexed  and  slightly  de^aated  towards 
the  ulnar  side;  and  the  patient  supports  the  injured  wrist  m 
the  palm  of  the  opposite  hand,  and  avoids  movement  of  the 

^^The  general  outline  of  the  wrist  and  hand  has  been  compared 
not  inaptly  to  that  of  "an  inverted  spoon."    Pronation  and 
supination  are  lost,  the  joint  is  swollen,  and  there  tenderness 
on  pressure,  especially  over  the  line  of  fracture  Tendernes. 
over  the  position  of  the  ulnar  styloid  may  indicate  fracture  of 
that  process,  although  it  is  sometimes  present  without  fracture, 
and  has  bee;  absent  in  cases  in  which  a   rac  ure  ^vas  demon- 
strated by  the  Rontgen  rays  (Cathcart).    ^ ^att^^^^^^^^^^^^  ^ 
made  to  elicit  crepitus  in  a  suspected  case  of  Colles  fiacture,  as 
the  manipulations  are  extremely  painful,  and  are  liable 
increase    he  displacement.    As  a  matter  of  fact,  it  may  be 
wanting  in  any  form  of  this  injury.    Its  absence,  ^^f^'^^'^f 
to  be  accepted  as  proving  impaction.    In  some  cases  he  damage 
is  confined  to  the  articular  surface,  and  there  is  no  d  ^P^^f^"^^^^^^ 
or  deformity,  and  unless  the  X-rays  are  used  the  cond^^^^^^^ 
mistaken  for  a  sprain.     Occasionally  the  median  nerve  s 
iruted  or  torn,  causing  motor  and  sensory  disturbances  m  its 

area  of  distribution.  .    .     ,  ^Yiat 

Treatment-It  cannot  be  too  strongly  insisted  upon  that 
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success  in  the  treatment  of  CoUes'  fracture  with  typical  and 
marked  displacement  depends  chiefly  upon  complete  and 
accurate  reduction,  and  to  enable  this  to  be  effected  a  general 
anaesthetic  is  of  great  assistance,  especially  when  impaction 
exists.  The  surgeon  grasps  the  patient's  hand,  as  if  shaking 
hands  with  him,  and,  resting  the  palmar  surface  of  the  wrist  on 
his  bent  knee,  makes  traction  through  the  hand,  and  counter- 
extension  through  the  forearm,  with'  lateral  movements,  if 
necessary,  to  undo  impaction.  When  the  fragments  are  freed 
from  one  another,  the  wrist  is  flexed,  and  the  hand  carried  to 
the  ulnar  side,  while  the  fragments  are  moulded  into  position 
by  the  thumb  of  the  surgeon's  disengaged  hand.  When  re- 
duction is  complete,  the  deformity  almost  entirely  disappears, 
and  the  two  styloid  processes  regain  their  normal  positions 
relative  to  one  another. 

As  there  is  no  tendency  to  re-displacement,  no  retentive 
apparatus  is  required,  but,  as  it  adds  to  the  patient's  sense  of 
security,  a  firm  flannel  bandage,  or  a  poroplastic  wristlet  may  be 
applied.  In  severe  cases,  however,  anterior  and  posterior 
splints,  similar  to  those  used  for  fracture  of  both  bones  of  the 
forearm,  or  a  dorsal  splint  padded  so  as  to  flex  the  wrist  to  an 
angle  of  45°  but  somewhat  narrower,  may  be  employed  (P. 
Heron  Watson).  The  hand  and  forearm  are  in  any  case 
supported  in  a  sling. 

To  avoid  the  stiffness  which  often  follows  this  fracture,  the 
massage  and  gentle  movement  of  the  wrist  and  fingers  should 
be  carried  out  from  the  first,  the  range  of  movement  being 
gradually  increased  until  the  function  of  the  joints  is  perfectly 
restored.  If  splints  are  used,  they  should  be  discarded  in  a 
week,  and  the  patient  is  then  encouraged  to  use  the  wrist 
freely. 

The  various  special  splints  recommended  for  the  treatment 
of  Colles'  fracture,  such  as  Carr's,  Gordon's,  the  "  pistol  splint," 
and  many  others,  are  all  designed  to  correct  the  deformity  as 
well  as  to  control  the  fragments.  It  has  already  been  pointed 
out  that  if  reduction  is  complete  there  is  no  deformity  to 
correct,  and  if  it  is  not  complete  the  deformity  cannot  be 
corrected  by  any  form  of  splint. 

Unreduced  Colles'  Fracture.— Wh^w  union  has  been  allowed 
to  take  place  without  gross  displacement  having  been  reduced, 
an  unsightly  deformity  results.  In  young  subjects  whose 
occupation  is  likely  to  be  interfered  with,  and  in  women  for 
ffisthetic  reasons,  the  fracture  is  reproduced  by  a  Jones'  wrench, 
and  set  in  the  normal  position.    Operative  treatment  may  be 


536         INJURIES  OF  WRIST  AND  HAND 


called  for,  also,  on  account  of  involvement  of  the  median  nerve 
in  callus. 

Chauffeur's  Fracture. — A  fracture  of  the  lower  end  of  the 
radius  frequently  occurs  from  the  recoil  of  the  crank,  "  by  back- 
firing," in  starting  the  engine  of  a  motor-car.  The  injury  may 
be  produced  either  by  direct  violence,  the  handle  as  it  recoils 
striking  the  forearm,  or  by  indirect  violence,  from  forcible 
hyper-extension  of  the  hand  while  grasping  the  handle.  The 
fracture  may  pass  transversely  through  the  epiphysial  portion 
of  the  radius,  as  in  Colles'  fracture,  or  may  extend  into  the 
lower  third  of  the  shaft.  It  is  treated  on  the  same  lines  as 
Colles'  fracture. 


Fig.  167.-Kadiogram  of  Colles'  Fracture  in  woman  aet.  50.    Lateral  view. 
(Mr.  J.  W.  Struthers'  case.    Radiogram  by  Dr.  F.  K.  Kerr.) 

A  fracture  of  the  lower  end  of  the  radius  icitli  forwai-d 
displacement  of  the  carpal  fragment,  was  first  described  by 
R  W  Smith  of  Dublin  {Colles'  fracture  reversed,  or  Smitns 
fracture)  (Fig.  169).     It  is  nearly  always  t°  /^^^^^^^^^^^ 

flexion,  as  from  a  fall  on  the  back  of  he  hand.  Lil^«  C«;l;; 
fracture,  it  may  be  transverse  or  slightly  oblique,  impacted  or 
comminuted.  The  deformity  is  characterised  by  an  eleva  ion 
on  the  dorsum  running  obliquely  upwards  from  the  iilnar 
to  the  radial  side  of  the  wrist,  and  caused  by  the  head  ot 
the  ulna,  which  remains  in  position,  and  ^lie. lower  end  of  t  ie 
upper  fragment.  ]3elow  this,  over  the  P^^^^ron  of  he  lo^^  r 
radial  fragment,  is  a  gradual  sloi^e  downwards  on  to  the  dorsum 
of  the  hand.    Anteriorly  there  is  a  prominence  m  the  flexuie 
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of  the  wrist,  and  the  lower  fragment  may  be  felt  under  the 
flexor  tendons.  The  hand  deviates  to  the  radial  side,  and 
thereby  still  further  increases  the  prominence  caused  by  the 
lower  end  of  the  ulna.  The  radial  styloid  is  displaced  forward, 
upward,  and  to  the  radial  side,  and  the  ulnar  styloid  may  be 
torn  olf.    Crepitus  can  seldom  be  elicited. 

When  the  deformity  is  not  well  marked,  this  injury  may  be 
mistaken  for  forward  dislocation  of  the  wrist,  for  fracture  of 
both  bones  low  down,  or  for  sprain  of  the  joint. 

The  treatment  is  carried  out  on  the  same  lines  as  in  Colles' 
fracture. 


Fig.  168.— Mamis  Valga  following  separation  of  lower  radial  epiphysis 

in  childhood. 

(Mr.  H.  Wade's  case.) 

Longitudinal  fractures  of  the  lower  end  of  the  radius  opening 
into  the  joint  usually  result  from  the  hand  being  crushed  by  a 
heavy  weight  or  in  machinery.  They  are  often  compound  and 
comminuted. 

Separation  of  the  lower  epiphysis  of  the  radius,  which  is  on 
the  same  level  as  that  of  the  ulna  (Fig.  171)  and  lies  above 
the  level  of  the  synovial  membrane  of  the  wrist-joint,  is  com- 
paratively common  between  the  ages  of  seven  and  eighteen 
especially  in  boys,  and  is  caused  by  the  same  forms  of  violence 
as  produce  Colles'  fracture. 

Although  clinically  the  appearances  in  those  two  injuries 
bear  a  general  resemblance  to  one  another,  separation  of  the 
epiphysis  may  usually  be  identified  by  the  directly  transverse 
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liue  of  the  dorsal  and  palmar  projections,  the  folding  of 
the  skin  observed  in  the  palmar  depression,  the  absence  of 
abduction  of  the  hand,  and  the  ease  with  which  muffled 
crepitus  can  be  elicited  (E.  H.  Bennett).  The  deformity  is 
readily  reduced,  and  the  fragments  are  easily  retained  in 
position. 

This  injury  is  often  complicated  with  fracture  of  the  shaft  or 
styloid  process  of  the  ulna,  or  Avith  dislocation  of  the  radio- 
ulnar joint,  and  it  is  not  infrequently  compound.  Retardation 
of  growth  in  the  radius  seldom  occurs ;  when  it  does,  it  results 
in  a  valgus  condition  of  the  hand,  calling  for  resection  of  the 
lower  end  of  the  ulna. 

The  treatment  is  the  same  as  for  Colles'  fracture. 

Fractures  of  the  Lower  End  of  the  Ulna.  — The  lower  end 
of  the  shaft  of  the  ulna  is  seldom  fractured  alone.    The  styloid 


170. — Smith's  Fracture  of  Eadius, 
united  in  deformed  attitude. 

(Museum  of  Royal  College  of  Surgeons, 
Edinburgh.) 


process,  as  has  already  been  pointed  out,  is  frequently  brokeui 
in  association  with  Colles'  and  other  fractures  of  the  lower  end 
of  the  radius. 

Sej^aration  of  the  loiver  epiphysis  of  the  ulna  sometimes 
occurs,  and  in  rare  cases  results  in  arrest  of  the  growth  of  the 
bone,  leading  to  a  varus  condition  of  the  hand  and  bending  of 
the  radius.  Sometimes  the  separated  epiphysis  fails  to  unite,, 
and  although  this  gives  rise  to  no  disability,  it  is  liable  to  lead 
to  errors  in  the  interpretation  of  skiagrams. 

The  treatment  is  similar  to  that  for  the  corresponding  injuries 
of  the  radius. 

Simultaneous  separation  of  epip)hyses  of  both  radius  and 
ulna  sometimes  occurs,  and,  as  a  result  of  severe  violence,  may 
be  compound,  the  lower  ends  of  the  diaphyses  projecting 
through  the  skin  on  the  dorsum. 

Fractures  of  Carpal  Bones. — The  use  of  the  Riintgen  rays 
has  shown  that  fracture  of  individual  carpal  bones  is  com- 
moner than  has  hitherto  been  supposed,  and  that  many  cases 
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formerly  looked  upon  as  severe  sprains  are  examples  of  this 
injury. 

The  scaphoid  is  broken  more  frequently  than  any  of  the 
others,  usually  by  direct  violence  or  by  forced  dorsiflexion 
from  a  fall  on  the  extended  hand.  The  clinical  features  are ; 
localised  swelling  on  the  radial  side  of  the  wrist,  marked 
tenderness  in  the  anatomical  snufF-box  when  the  hand  is  moved 
laterally,  especially  in  the  direction  of  adduction,  and,  some- 
times, crepitus.  In  many  cases,  however,  the  symtoms  are  so 
obscure  that  an  accurate  diagnosis  can  only  be  made  by  the  use 
of  the  X-rays.  The  fracture  is  often  compound  and  associated 
with  other  injuries,  particularly  forward  dislocation  of  the 
semilunar  bone  and  dorsal  dislocation  of  the  os  magnum. 

The  treatment  of  simple  fractures  consists  in  massage  and 
movement  from  the  first.  The  wrist  and  carpal  joints  may  be 
supported  by  a  palmar  splint,  the  metacarpals  being  slightly 
hyper-extended.  Codman  and  Chase  recommend  excision  of 
the  proximal  half  of  the  fractured  bone,  through  a  posterior 
incision  to  the  outer  side  of  the  extensor  communis  digitorum. 
When  the  fracture  is  compound,  the  loose  fragments  should 
be  removed. 

Dislocations  in  the  Region  of  the  Wrist 

Dislocation  may  occur  at  the  inferior  radio-ulnar,  the  radio- 
carpal, mid-carpal,  inter-carpal  or  carpo-metacarpal  joints,  but 
the  strong  ligaments  of  these  articulations,  the  comparatively 
free  movement  at  the  various  joints,  and  the  relative  weakness 
of  the  lower  end  of  the  radius  whereby  it  is  so  frequently 
fractured,  render  dislocation  a  rare  form  of  injury. 

Dislocation  of  the  inferior  radio-ulnar  articulation  is  seldom 
met  with  except  as  a  complication  of  fracture  of  the  lower  end 
of  the  radius,  or  in  association  Avith  sub-luxation  of  the  head 
of  the  radius.  The  head  of  the  ulna  usually  passes  backward, 
less  frequently  forward,  and  but  rarely  towards  the  ulnar  side. 

In  children,  the  commonest  cause  is  lifting  the  child  by  the 
hand,  and  the  displacement,  as  a  rule,  is  only  partial. 

In  adults,  it  may  result  from  forcible  eiforts  at  pronation  or 
supination,  as  in  wringing  clothes,  or  from  direct  violence,  the 
separation  being  frequently  complete,  and  sometimes  compound. 

The  head  of  the  ulna  forms  a  prominence  on  the  dorsal 
palmar  aspect  of  the  wrist,  according  to  the  direction  in  which 
it  passes,  and  there  is  an  undue  depression  on  the  opposite  aspect 
of  the  joint.    The  hand  is  generally  pronated,  the  rotatory 
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•  movements  at  the  wrist  being  restricted  and  painful,  while 
flexion  and  extension  are  comparatively  free.  When  uncom- 
plicated, the  dislocation  is  easily  recognised,  but  when  com- 
plicated with  fracture  it  is  apt  to  be  overlooked. 

Reduction  is  readily  effected  by  making  direct  jsressure  on 
the  displaced  bone  and  manipulating  the  joint,  especially  in  the 
direction  of  supination. 

Dislocation  at  the  radio-carpal  articulation,  usually  spoken 
of  as  dislocatioii  of  the  lurist,  is  that  most  commonly  met  with 
in  this  region.  It  is  attended  by 
great  tearing  of  the  ligaments  and 
displacement  of  tendons,  is  fre- 
quently compound,  and  may  be 
complicated  by  fracture  of  the 
lower  ends  of  the  bones  of  the 
forearm.  The  carpus  may  be 
displaced  backward  or  forward, 
and  the  displacement  is  usually 
complete.  It  is  not  uncommon 
for  that  articular  edge  of  the 
radius  towards  which  the  carpus 
passes  to  be  chipped  off. 

In  most  cases  the  carpus  is 
dislocated  backward,  and  the  in- 
jury results  from  a  severe  form 
of  violence,  such  as  a  fall  from 
a  height  on  the  palm  while  the 
hand  is  dorsiflexed  and  abducted. 
The  clinical  appearances  closely 
simulate  those  of  CoUes'  fracture,  171.— Section  of  lower  end  of 
or  of   separation  of  the   lower  Ulna  to  show  line  of 

radial  epiphysis,  but  the  unnatural  (After  Poiand.) 

projections,   both  in   front  and 

behind,  are  lower  down,  and  end  more  abruptly  (Fig. 
The  hand  is  more  flexed,  and  the  palm  is  shortened", 
styloid  processes  retain  their  normal  relations  to  one  another, 
but  that  of  the  radius  is  nearer  to  the  thumb  than  it  should 
be,  and  the  carpal  bones  are  found  to  lie  on  a  plane  posterior 
to  the  styloids.  The  forearm  is  not  shortened.  Unless  the 
swelling  is  great,  the  articular  surfaces  may  be  recognised  on 
palpation. 

Dislocation  of  the  carpus  forward  may  result  from  any  form 
of  forced  flexion,  such  as  a  fall  on  the  back  of  the  hand,  or 
from  direct  violence.    The  displaced  carpus  forms  a  marked 
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projection  on  the  palmar  aspect  of  the  wrist,  and  there  is  a 
•corresponding  depression  on  the  dorsum.  The  attitude  of  the 
hand  and  fingers  varies,  but  is  usually  one  of  flexion.  In  other 
respects  this  dislocation  agrees  with  the  dorsal  variety. 

In  both  varieties  reduction  is  readily  efi"ected  by  making 
traction  on  the  hand  and  pushing  the  carpus  into  position.  A 
moulded  poroplastic  splint,  which  keeps  the  hand  slightly 
•dorsiflexed,  adds  to  the  comfort  of  the  patient,  but  this  should 
be  removed  daily  to  admit  of  movement  and  massage  being 
employed. 

Dislocation  of  Carpal  Bones. — The  two  rows  of  carpal 
bones  may  be  separated  from  one  another,  or  any  one  of  the 
individual  bones  may  be  displaced.  These  injuries  are  rare, 
and  result  from  severe  forms  of  violence,  usually  from  a  fall 
on  the  extended  hand.  Pain,  deformity,  and  loss  of  function 
are  the  ordinary  symptoms.    The  treatment  consists  in  making 

direct  pressure  over  the 
displaced  bones,  while 
traction  is  made  on  the 
hand,  which  is  alter- 
nately flexed  and  ex- 
tended. 

Of  these  injuries  that 

^  ,  ^.  ,    ,.      f  w  ■  (-  t  most    frequently  ob- 

FiG.  172.— Backward  Dislocation  of  Wrist  at  j    •     j-  i 

Radio-Carpal  Articulation,  in  a  man  «t.  24,  served  IS  displacement 
from  a  fall.  of  the  head  of  the  os 

magnum  from  the  sca- 
phoid and  semilunar  bones.  Frequently  these  bones  are  frac- 
tured, and  fragments  accompany  the  displaced  os  magnum.  In 
full  palmar  flexion  of  the  wrist  the  displaced  head  of  the  os 
magnum  forms  a  prominence  on  the  dorsum  opposite  the  base 
of  the  third  metacarpal,  which  temporarily  disappears  when  the 
hand  is  dorsiflexed.  There  is  an  increase  in  the  antero-posterior 
diameter  of  the  wrist,  situated  on  a  lower  level  than  that  which 
accompanies  fracture  of  the  lower  end  of  the  radius;  flexion 
and  extension  of  the  wrist  are  limited;  and  in  some  cases 
there  are  symptoms  referable  to  pressure  on  the  median  nerve. 
By  keeping  the  hand  in  the  dorsiflexed  position  for  a  week 
or  ten  days,  the  bone  may  become  fixed  in  its  place  and  the 
function  of  the  wrist  be  restored,  but  it  is  often  necessary  to 

excise  the  bone.  . 

The  semUimar  may  be  displaced  forward  by  forcible  dorsi- 
flexion  of  the  hand,  and  forms  a  projection  beneath  the  flexor 
tendons;  there  is  usually  loss  of  sensibiUty  in  the  distribution 
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of  the  ulnar  nerve  in  the  hand.  The  most  satisfactory  treat- 
ment is  removal  of  the  bone. 

In  a  few  cases  the  scaphoid  has  been  displaced,  and  subse- 
quently replaced  by  operation.  Separation  of  any  of  the  other 
bones  is  extremely  rare. 

Carpo-metacarpal  Dislocations. — Any  or  all  of  the  meta- 
carpal bones  may  be  separated  from  the  carpus  by  forced 
movements  of  flexion  or  extension.  The  commonest  displace- 
ment is  backward.  The  thumb  seems  to  suffer  oftener  than 
the  other  digits.  These  injuries,  however,  are  so  rare,  and 
the  deformity  is  so  characteristic,  that  a  detailed  description  is 
unnecessary. 

There  is  good  reason  to  believe  that  the  injury  commonly 
described  as  "  incomplete  dislocation,"  or  "  sub-luxation  of  the 
metacarpal  of  the  thumb  backward,"  is  really  a  fracture  of  the 
base  of  the  bone — an  injury  now  known  as  Bennett's  fracture 
(p.  546). 

Sprain  of  the  wrist  is  a  common  injury,  and  may  result  from 
a  fall  on  the  hand,  a  twist  of  the  wrist,  or  from  the  back-firing 
of  a  motor-crank  dorsiflexing  the  hand.  The  marked  swelling 
which  rapidly  ensues  may  render  it  difficult  to  distinguish  a 
sprain  from  the  more  severe  injuries  that  are  liable  to  result 
from  similar  causes — Colles'  fracture,  separation  of  the  lower 
radial  epiphysis,  dislocation  of  the  wrist,  and  fractures  and 
dislocations  of  the  carpal  bones. 

In  a  sprain  the  normal  relations  of  the  styloid  processes  and 
other  bony  points  about  the  wrist  are  unaltered,  and  there  is 
no  radial  deviation  of  the  hand,  as  in  Colles'  fracture.  The 
most  marked  swelling  is  over  the  line  of  the  articulation  on  the 
anterior  and  posterior -aspects  of  the  joint.  There  is  usually 
•some  effusion  into  the  sheaths  of  the  tendons  passing  over  the 
joint,  and  in  some  cases  on  moving  the  fingers  a  peculiar  creak- 
ing, which  may  simulate  crepitus,  can  be  elicited.  There  is 
marked  tenderness  on  making  pressure  over  the  line  of  the  joint, 
•as  well  as  over  one  or  other  of  the  lateral  ligaments,  depend- 
ing upon  which  ligament  has  been  outstretched  or  torn.  Move- 
ments that  tend  to  put  the  damaged  ligaments  on  the  stretch 
•also  cause  pain.  It  has  to  be  borne  in  mind,  however,  that 
in  many  cases  of  Colles'  fracture  there  is  extreme  tender- 
ness on  pressing  over  the  ulnar  styloid  and  external  lateral 
Jigament,  as  these  structures  are  frequently  injured  as  well  as 
the  radius,  but  the  point  of  maximum  pain  and  tenderness  is 
over  the  seat  of  fracture  of  the  radius.  In  all  doubtful  cases 
■the  X-rays  should  be  employed  to  establish  the  diagnosis. 
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The  treatment  consists  in  the  immediate  employment  of 
massage  and  movement,  supplemented  by  alternate  hot  and 
cold  douches,  on  the  same  lines  as  in  other  sprains. 


Injuries  op  the  Fingers 

Fractures. — Fractures  of  the  metacarpals  of  the  four  inner 
lingers  are  comparatively  common.    When  they  result  from 

direct  violence,  such  as  a  crush 
between  two  heavy  objects,  they 
are  often  multiple  and  compound. 
Indirect  violence,  acting  in  the  , 
long  axis  of  the  bone  and  in- 
creasing its  natural  curve,  such 
as  a  blow  on  the  knuckle  in 
striking  with  the  closed  fist, 
usually  produces  an  oblique  frac- 
  ture  about  the  middle  of  the  shaft, 

,  „  ^  ^  ^  .  n  the  proximal  end  of  the  distal 
Fig.  173. — Treatment  of  Fracture  ot  >-  .      .  i„ 

Metacarpals  by  Pad  in  the  Palm  fragment  projecting  towards  the 
and  "  Closed-fist"  Bandage.        dorsum  of  the  hand.    Apart  from 

this  there  is  Uttle  deformity,  as 
the  adjacent  metacarpals  act  as  natural  splints  and  tend  to 
retain  the  fragments  in  position.  A  sudden  sharp  pain  may 
be  elicited  at  the  seat  of  fracture  on  makmg  pressure  in  the 
long  axis  of  the  finger  ;  and  unnatural  mobility  and  crepitus  may 
usually  be  detected. 
These  fractures  are 
readily  recognised 
by  the  X-rays.  Firm 
union  usually  re- 
sults in  three  weeks. 

The  shaft  of  the 
metacarpal  of  the 
thumb  is  frequently 
broken  by  a  blow 
with  the  closed  fist. 
The  fracture  is  usu- 
ally transverse,  and 

situated    near    the  .     .  j  a 

proximal  end  of  the  shaft;  frequently  it  is  comminuted,  and 
in  some  instances  there  is  a  longitudinal  split. 

Treatment.— the  fracture  is  transverse,  and  especially 
when  it  implicates  the  middle  or  ring  fingers,  the  most  con- 


FiG.  174.— Extension  applied  for  Oblique 
Fracture  of  Metacarpal. 
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venient  method  is  to  make  the  patient  grasp  a  firm  pad,  such 
as  a  roller  bandage  covered  with  a  layer  of  wool,  and  to  fix  the 
closed  fist  by  a  figure-of-eight  bandage  (Fig.  173).  In  this  way 
the  adjoining  metacarpals  are  utilised  as  lateral  splints.  To 


r 


Fig.  175.— Radiogram  of  Bennett's  Fracture  of  Base  of  Metacarpal 
of  Right  Thumb. 

obtain  a  good  functional  result,  active  and  passive  movements 
must  be  carried  out  from  the  first,  ami  the  bandage  may  be 
removed  at  the  end  of  a  week  or  ten  days. 

In  oblique  fractures  with  a  tendency  to  over-ridino-  of  the 
fragments,  especially  in  the  ca^e  of  the  index  and  little  fintrers 
VOL.  I.— 35  ^  ^' 
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Fig.  176. —Splint  for 
Fracture  of  Base  of 
Metacarpal  of  ThuiDb. 


it  is  sometimes  necessary  to  apply  extension  to  the  distal 
segment  of  the  digit,  by  means  of  adhesive  plaster,  to  which 
elastic  tubing  is  attached  and  fixed  to  the 
end  of  a  rectangular  splint  reaching  well 
beyond  the  finger-tips  (Chiene)  (Fig.  174). 
This  should  be  Avorn  for  a  week  or  ten 
days. 

Bennett's  Fracture  of  the  Base  of  the 
first  Metacarpal  Bone.  —  Bennett  of 
Dublin  described  an  injury  of  the  thumb 
which,  although  comparatively  common, 
is  often  mistaken  for  a  sub-luxation  back- 
ward of  the  carpo-metacarpal  joint,  or  a  simple  "  stave  of  the 
thumb."  It  consists  in  an  "oblique  fracture  through  the 
base  of  the  bone,  detaching  the  greater  part  of  the  articular 
facet  with  that  piece  of  the  bone  supporting  it  which  projects 
into  the  palm  "(Fig. 
175).  We  have 
frequently  observed 
the  fracture  extend 
for  a  considerable 
distance  along  the 
palmar  aspect  of  the 
shaft. 

It  usually  results 
from  severe  force 
applied  directly  to 
the  point  of  the 
thumb,  driving  the 
metacarpal  against 
the  trapezium,  and 
chipping  off  the 
palmar  part  of  the 
articular  surface, 
but  may  result  from 
a  blow  with  the 
closed   fist.  The 

rest  of  the  metacarpal  slips  backward,  forming  a  prominence  on 
the  dorsal  aspect  of  the  joint.  The  pain  and  swellmg  in  the 
region  of  the  fracture  often  prevent  crepitus  being  elicited,  and 
as  the  deformity  is  not  at  once  evident,  the  nature  of  the  injury 
is  liable  to  be  overlooked.  The  fracture  is  recognised  ^y  t  «  u.e 
of  the  X-ravs.  It  may  occur  in  either  hand,  but  on  account  oi 
the  cn-eater  exposure  of  the  right  hand  to  injury  it  is  commoner 


A  B 

Fig   177.— .1.  Spliut  applied  as  used  by  Bennett. 

'  B.  Poroplastic  Moulded  Splint  for  Bennetts 
Fracture. 
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on  that  side.  The  importance  of  making  a  correct  diagnosis 
Has  .in  the  fact  that  unless  properly  treated  this  injury  may 
result  in  prolonged  impairment  of  function,  full  abduction  and 
fine  movements  requiring  close  apposition  of  the  thumb  being 
specially  interfered  with. 

The  treatment  consists  in  reducing  the  fracture  by  extension, 
and  applying  an  accurately  fitting  pad  over  the  extremity  of  the 
displaced  bone,  maintained  in  position  by  a  light  angular  splint 
(Fig.  176).  This  splint  is  first  fixed  to  the  extended  and 
abducted  thumb,  and  while  extension  is  made  by  pushing  it 
downwards  the  upper  end  is  fixed  to  the  wrist  (Fig.  177,  a). 
The  apparatus  is  worn  for  three  weeks,  being  carefully  read- 
justed from  time  to  time  to  maintain  the  extension.  A  moulded 
poroplastic  splint  applied  on  the  same  principle  may  be  employed, 
and  is  more  comfortable  (Fig.  177,  b).  Recent  experience  has 
shown  that  excellent  results  are  obtained  by  massage  and  move- 
ment from  the  first  and  the  support  merely  of  a  figure-of-eio-ht 
bandage  (Pirie  "Watson). 

Fractures  of  phalanges  usually  result  from  direct  violence, 
and,  on  account  of  the  superficial  position  of  the  bones,  are 
often  compound,  and  attended  with  much  bruising  of  soft  parts. 
Force  applied  to  the  distal  end  of  the  finger  also  may  fracture 
a  phalanx.  The  proximal  phalanges  are  broken  oftener  than 
the  others.  The  deformity  is  usually  angular,  with  the  apex 
towards  the  palm,  and  if  union  takes  place  in  this  position, 
the  power  of  grasping  is  interfered  with.  Unnatural  mobility 
and  crepitus  can  usually  be  recognised,  but,  on  account  of  the 
swelling  and  tenderness,  diagnosis  is  sometimes  very  difficult. 
Firm  union  takes  place  in  two  or  three  weeks.  In  oblique  and 
comminuted  fractures,  union  may  take  place  with  overlappino-, 
producing  a  deformity  which  is  sometimes  troublesome  by 
preventing  the  wearing  of  a  glove  or  of  rings.  In  compound 
fractures,  non-union  sometimes  occurs,  and  causes  persistent 
disability.  In  doubtful  cases  radioscopy  renders  valuable  aid 
as  the  parts  are  readily  seen  with  the  screen.  ' 

Treatment.--^&v\j  movement  and  massage  are  all-important 
ihe  contiguous  fingers  may  be  utilised  as  lateral  splints,  while 
a  long  palmar  splint  projecting  beyond  the  fingers  is  employed 
to  control  the  wrist-joint.  In  oblique  and  comminuted  frac- 
tures It  may  be  necessary  to  antesthetise  the  patient  to  efl'ect 
reduction.  When  it  is  particularly  desirable  to  avoid  deformity 
an  open  operation  may  be  advisable. 

/o/r/'nr/f'°r"~;^''Tf''^''''''  mdacarpo-phalanqeal 
mnt  0/  the  thumb.—Thc  commonest  dislocation  at  this  joint 
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is  a  haeJcward  displacement  of  the  proximal  phalanx,  which 
may  be  complete  or  incomplete.  Its  special  clinical  import- 
ance lies  in  the  fact  that  much  difficulty  is  often  experienced 
in  effecting  reduction. 

This  dislocation  is  usually  produced  by  extreme  dorsi- 
flexion  of  the  thumb,  whereby  the  palmar  or  glenoid  and 
the  lateral  ligaments  are  torn  from  their  metacarpal  attach- 
ments, the  phalanx  carrying  with  it  the  glenoid  ligament  and 
sesamoid  bones.    The  head  of  the  metacarpal  passes  forward 

between  the  two  heads  of  the  tiexor 
brevis  pollicis,  and  the  tendon  of  the 
long  flexor  slips  to  the  ulnar  side. 
The  phalanx  passes  on  to  the  dorsum 
of  the  metacarpal,  where  it  is  held 
erect  by  the  tension  of  the  abductor 
and  adductor  muscles. 

The  attitude  of  the  thumb  is  char- 
acteristic (Fig.  178).  The  metacarpal 
is  adducted,  its  head  forming  a  marked 
prominence  on  the  front  of  the  thenar 
eminence,  and  the  phalanges  are  dis- 
placed backwards,  the  proximal  being 
dorsiflexed  and  the  distal  flexed  to- 
wards the  palm. 

Many  explanations  of  the  difficulty 
so  often  experienced  in  reducing  this 
variety  of  dislocation  have  been 
ofifered,  but  the  consensus  of  opinion 
now  seems  to  be  that  it  is  due  to  the 
interposition  of  the  glenoid  ligament  and  ^^e  sesamoid  bones 
between  the  phalanx  and  the  metacarpal,  and  that  thi.  i.  most 
fXently  the  result  of  ill-advised  efforts  at  reduction.  In 
some  cases  the  tension  of  the  long  flexor  tendon  may  be  a 
iZov  in  preventing  reduction,  but  the  "button-holing"  by  the 
short  flexor  is  probably  of  no  importance.       ^ ,    ^.     ^,  , 

R  duction  ii  to  be  effected  by  flexing  and  adducting  t he  meta- 
carpal while  the  phalanx  is  hyper-extended  and  pushed  down 
to  V 'rdltie  joint  and  levered  over  the  head  of  the  metacarpal. 

When  this  manipulation  fails,  the  glenoid  ligament  should 
be  divided  longitudinally  through  a  puncture  made  with  a 
tenotomy  knife°on  the  dorsal  aspect  of  the  JO'^t,  «o  as  o 
so  a  ate  the  sesamoid  bones  and  permit  the  passage  of  tl^ 
head  between  them  (Fig.  180).  An  open  operation  is  seldom 
necessary. 


Fig.  178.  —  Backward  Dis- 
location of  Metacarpo-Plia- 
laugeal  Joint  of  Thumb. 
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Dislocation  forward  is  rare.  It  results  from  forced  flexion 
of  the  thumb  with  abduction,  tearing  the  posterior  and  internal 


Fig.  179.— Reduction  of  Dislocation  of  Thumb  with  aid  of  "Indian  Puzzle." 

lateral  ligaments.  The  deformity  is  characteristic  :  the  rounded 
head  of  the  metacarpal  projecting  behind  the  level  of  the  joint, 


Fio.  180. -To  illustrate  Metliod  of  dividing  the  Glenoid  Ligament  by 
bubcutaneous  Operation. 

while  the  base  of  the  phalanx  forms  a  prominence  among  the 
muscles  of  the  thenar  eminence.  ^ 
Reduction  is  easily  effected  by  making  traction  on  the 
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phalanges  and  carrying  out  movements  of  flexion  and  exten- 
sion. The  deformity,  however,  is  liable  to  be  reproduced 
unless  a  retentive  apparatus  is  securely  applied. 

Lateral  dislocations  of  the  thumb  are  very  rare. 

Dislocation  of  the  metacarpo-phalangeal  joint  of  the  fingers 
may  be  backward  or  forward.  They  are  less  common  than 
those  of  the  thumb,  but  present  the  same  general  characters. 
In  the  backward  variety  the  same  difficulty  in  reduction  as 
is  met  with  in  the  corresponding  dislocation  of  the  thumb- 
sometimes  occurs,  and  is  to  be  dealt  with  on  the  same 
principles. 

Inter-phalanqeal  Dislocations. — The  middle  and  the  ungual 
phalanges  may' be  displaced  backwards,  forwards,  or  laterally. 
The  clinical  features  are  characteristic,  and  the  diagnosis,  as 
well  as  reduction,  is  easy.  These  dislocations  are  frequently 
the  result  of  machinery  accidents,  and  being  compound  and 
difficult  to  render  aseptic,  often  necessitate  amputation. 

Persistent  flexion  of  the  terminal  phalanx  of  the  thumb  or 
fingers  {drop  or  mallet  finger)  may  result  from  violence  applied 
to°the  end  of  the  digit  when  in  the  extended  position— as, 
■  for  example,  in  attempting  to  catch  a  cricket-ball.  The 
terminal  phalanx  is  flexed  towards  the  palm,  and  the  patient 
is  unable  to  extend  it  voluntarily. 


CHAPTER  XXV 


mjUEIES  IN  THE  REGIOJnT  OF  THE  PELVIS, 
HIP-JOINT,  AND  THIGH 

Fractures  of  Pelyis  :    Varieties — Injuries  in  region  of  Hip  : 
Surgical  anatomy ;  Fracture  of  head  of  femur ;  Fractures  of  neck  of 
femur ;  Fracture  heloiu  lesser  trochanter— Diswca.tio'sss  of  Hip  : 
Varieties — Sprains — Contusions — Fractures  of  Shaft  of  Femur. 

Fracture  of  the  Pelvis 

For  descriptive  as  well  as  for  practical  purposes,  it  is  useful  to 
divide  fractures  of  the  pelvis  into  those  which  involve  the 
integrity  of  the  pelvic  girdle  as  a  whole,  and  those  confined  to 
individual  bones. 

In  all,  the  prognosis  depends  upon  the  severity  of  the  visceral 
lesions  which  so  frequently  complicate  these  injuries,  rather 
than  upon  the  fractures  themselves. 

Fractures  implicating  the  pelvic  girdle  as  a  whole  usually 
result  from  severe  crushing  forms  of  violence,  such  as  the  fall 
of  a  mass  of  coal  or  a  pile  of  timber,  or  the  passage  of  a  heavy 
wheel  over  the  pelvis.  The  force  may  act  in  the  transverse 
axis  of  the  pelvis,  or  in  its  antero-posterior  axis.  The  pelvic 
viscera  may  be  lacerated  by  the  tearing  asunder  of  the  bones, 
or  perforated  by  sharp  fragments. 

As  a  rule,  more  than  one  part  of  the  pelvis  is  broken,  the 
situation  of  the  lesions  and  the  clinical  features  varying  in 
different  cases. 

Separation  of  the  pubic  symphysis  may  result  from  violence 
inflicted  on  the  fork,  as  in  coming  down  forcibly  on  the  pommel 
of  a  saddle ;  from  forcible  abduction  of  the  thighs ;  or  it  may 
happen  during  child-birth.  In  some  cases  the  two  pubic  bones 
at  once  come  into  apposition  again,  and  there  is  no  permanent 
displacement,  the  only  evidence  of  the  injury  being  localised 
pain  in  the  region  of  the  symphysis  elicited  on  making  pressure 
over  any  part  of  the  pelvis.    In  other  cases  the  pubic  bones 
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overlap  one  another,  and  the  membranous  portion  of  the 
urethra,  or  the  bladder  wall,  is  liable  to  be  torn.  The  dis- 
placed bones  may  be  palpated  through  the  skin,  or  by  vaginal 
or  rectal  examination. 

The  puhic  portion  of  the  pelvic  ring  is  the  most  common 
seat  of  fracture.  The  bone  gives  way  at  its  weakest  points — 
namely,  through  the  horizontal  ramus  of  the  pubes  just  in  front 
of  the  pectineal  eminence,  and  at  the  lower  part  of  the  descend- 
ing ramus  (Fig.  181).     The  intervening  fragment  of  bone  is 

isolated,  and  may  be  dis- 
placed. These  fractures  are 
frequently  bilateral,  and  are 
often  associated  with  separa- 
tion of  the  sacro-iliac  joint, 
with  longitudinal  fracture  of 
the  sacrum  (Fig.  183),  or  with 
other  fractures  of  the  pelvic 
bones. 

Injuries  of  the  membranous 
urethra  and  bladder  are  fre- 
quent complications  of  these 
fractures.  Less  commonly 
the  rectum,  the  vagina,  or 
the  iliac  blood-vessels  are 
damaged. 

Localised  tenderness  at  the 
seat  of  fracture,  pain  referred 
to  that  point  on  pressing 
together  or  separating  the 
iliac  crests,  and  mobility  of 
the  fragments  with  crepitus, 
are  usually  present.  The  fragments  may  sometimes  be  felt  on 
rectal  or  vaginal  examination.  As  in  all  cases  of  pelvic  fracture, 
shock  is  a  prominent  feature. 

The  lateral  and  posterior  aspects  of  the  pelvic  ring  may  be 
implicated  either  in  association  with  pubic  fractures  or  nide- 
pendently.  Thus  a  fracture  of  the  iliac  bone  may  run  into  the 
great  sciatic  notch  ;  or  a  vertical  fracture  of  the  sacrum  or 
separation  of  the  sacro-iliac  joint  may  break  the  continuity  ot 
the  pelvic  brim.  In  rare  cases  these  injuries  are  accompanied 
by  damage  to  the  intestine,  the  rectum,  the  sacral  nerves,  or 
the  iliac  blood-vessels.  .     r  •       .  „ 

Treatment.— In  all  fractures  of  the  pelvis  it  is  of  importance 
that  the  patient  be  moved  and  handled  with  great  care, 


Fig.  181.— Fracture  of  Pelvis  through 
Horizontal  and  Descending  Rami  of 
Pubes. 
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lest  fragments  become  displaced  and  injure  the  viscera.  He 
should  be  put  to  bed  on  a  firm  mattress.  Some  surgeons 
prefer  a  mattress  made  in  three  pieces,  for  convenience  in 
using  the  bed-pan  and  for  the  prevention  of  bed-sores,  but 
we  have  not  found  this  to  be  of  any  service  in  practice. 

Before  the  treatment  of  the  fracture  is  commenced,  the  surgeon 
must  satisfy  himself,  by  the  use  of  the  catheter  and  by  other 
means,  that  the  utbera  and  bladder  are  intact.  Should  these 
or  any  other  of  the  pelvic  viscera  be  damaged,  such  injuries 
must  receive  attention  first. 

The  treatment  of  the  fracture  itself  consists  in  adjusting  the 
fragments,  as  far  as  possible  by  manipulation,  applying  a  firm 


Fig.  182.— Many-tailed  Baudage  aud  Biuder  for  Fracture  of  Pelvic  Girdle. 


binder  or  many-tailed  bandage  round  the  pelvis,  and  fixing  the 
knees  together  by  a  bandage  (Fig.  182). 

In  some  cases  extension  may  be  applied  to  both  legs,  with 
the  limbs  abducted  and  steadied  by  sand-bags. 

Compound  fractures,  being  commonly  associated  with  extra- 
vasation of  urine,  are  liable  to  septic  complications.  Loose 
fragments  should  be  removed,  as  they  are  prone  to  undergo 
necrosis. 

The  patient  is  confined  to  bed  for  six  or  eight  weeks,  and  it 
may  be  several  weeks  more  before  he  is  able  to  resume  active 
employment. 

The  acetabulum  may  be  fractured  by  force  transmitted 
through  the  femur,  from  a  fall  on  the  feet,  the  knees,  or  the 
great  trochanter.  It  may  merely  be  fissured,  or  the  head  of 
the  femur  may  be  forcibly  driven  through  its  floor  into  the 
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pelvic  cavity,  either  by  fracturing  the  bone  or,  in  young 
subjects,  by  bursting  asunder  the  cartilaginous  junction  of  the 
constituent  bones.  When  the  femoral  head  penetrates  into 
the  pelvis,  the  condition  simulates  a  fracture  of  the  neck  of  the 
femur,  but  the  trochanteric  region  is  more  depressed,  and  the 
displaced  head  may  be  recognised  on  rectal  or  vaginal  examina- 
tion. The  limb  is  shortened,  the  movements  of  the  joint  much 
restricted  and  painful,  but  crepitus  is  not  always  to  be 
detected. 

When  the  head  of  the  femur  penetrates  the  acetabulum, 
reduction  should  be  attempted  by  traction  and  manipulation. 
After  reduction,  the  treatment  is  the  same  as  for  fracture  of 
the  neck  of  the  femur  (Fig.  191).  Reduction  is  often  difficult, 
and  sometimes  impossible. 

In  addition  to  the  fracture  of  the  floor,  it  is  necessary  to 
mention  a  fracture  of  the  upper  and  hack  part  of  the  rim  of 
the  acetabulum  which  may  accompany  dorsal  dislocation  of  the 
hip.  Crepitus  may  be  present  in  addition  to  the  symptoms 
of  dislocation,  and  after  reduction  the  displacement  is  easily 
reproduced.  This  injury  is  liable  to  be  mistaken  for  a  fracture 
of  the  neck  of  the  femur,  but  the  flexion  and  internal  rotation 
of  the  hip  should  prevent  error.  The  treatment  is  the  same  as 
for  fracture  of  the  neck  of  the  femur. 

Fractures  of  Individual  Bones  of  the  Pelvis. — Ilium. — 
The  expanded  portion  of  the  iliac  bone  is  often  broken  by 
direct  violence,  the  detached  fragments  varying  greatly  in  size 
and  position. 

The  whole  or  part  of  the  crest  may  be  separated  by  similar 
forms  of  violence. 

When  the  fracture  implicates  the  ala  of  the  bone,  it  usually 
starts  at  the  triangular  prominence  near  the  middle  of  the  crest, 
and  runs  backwards  or  forwards,  passing  for  a  variable  distance 
into  the  iliac  fossa.  The  displaced  fragment  may  sometimes  be 
palpated  and  made  to  move  when  the  muscles  attached  to  it 
are  relaxed.  This  is  done  by  flexing  the  thighs  and  bending 
the  body  forward  and  towards  the  aS'ected  side.  Pain  and 
crepitus  may  be  elicited  on  making  tliis  examination. 

These  fractures  are  treated  by  applying  a  roller  bandage  or 
broad  strips  of  adhesive  plaster  over  the  seat  of  fracture,  and 
by  placing  the  patient  in  such  a  position  as  will  relax  the 
muscles  attached  to  the  displaced  fragment— in  the  case  of  the 
iliac  spines  by  flexing  the  thigh  upon  the  pelvis ;  in  the  case  ot 
the  crest  or  ala  by  raising  the  shoulders.  Union  takes  place  m 
three  or  four  weeks. 
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In  young  persons,  the  anterior  superior  spine  has  been  torn 
off  and  displaced  downwards  by  powerful  contraction  of  the 
sartorius  muscle ;  and  the  anterior  inferior  s^nne  by  strong 
traction  on  the  A-shaped  ligament.  These  injuries  are  best 
treated  by  fixing  the  displaced  fragment  in  position  by 
pegs  or  silver-wire  sutures  and  relaxing  the  muscles  acting 
on  it. 

Fracture  of  the  ischium  alone  is  rare.  It  results  from  a  fall 
on  the  buttocks,  the  entire  bone  or  only  the  tuberosity  being 
broken.  There  is  little  or  no  displacement,  and  the  diagnosis- 
is  made  by  external  manipulation  and  by  examination  througk 
the  rectum  or  vagina. 

A  longitudinal  fracture 
of  the  sacrimi  may  im- 
plicate the  posterior  part 
of  the  pelvic  ring,  as  has 
already  been  mentioned. 
In  rare  cases  the  lower 
half  of  the  bone  is  broken 
transversely  from  a  fall  or 
blow,  and  the  lower  frag- 
ment is  bent  forward  so 
that  it  projects  into  the 
pelvis  and  may  press  upon 
or  tear  the  rectum,  or 
the  sacral  nerves  may  be 
damaged,  and  partial  para- 
lysis of  the  lower  limbs, 
bladder,  or  rectum  result.  Fig.  183.— Longitudinal  Fracture  of 
These  fractures  are  fre-  Sacrum  from  same  Patient  as  Fig.  181. 
quently  comminuted  and 

compound,  and  the  soft  parts  may  be  so  severely  bruised  and 
lacerated  that  sloughing  follows.  On  rectal  examination  the 
lower  segment  of  the  bone  can  be  felt,  and  on  manipulating^ 
it  pain  and  crepitus  may  be  elicited. 

Fracture  of  the  coccyx  may  be  due  to  a  direct  blow,  or  may 
occur  during  parturition.  As  a  result  of  this  injury  the  patient 
niay  have  severe  pain  on  sitting  or  walking,  and  during  defeca- 
tion. The  loose  fragment  can  usually  be  palpated  on  rectal 
examination.  There  is  considerable  difficulty  in  keeping  the- 
fragment  in  position,  and  if  it  projects  towards  the  rectum  it 
should  be  removed.  If  the  lower  fragment  unites  at  an  angle 
so  as  to  cause  pressure  on  the  rectum,  it  gives  rise  to  the 
symptoms  of  coccydynia,  which  may  call  for  excision. 
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Injuries  in  the  Keg  ion  of  the  Hip 


These  include  the  various  fractures  of  the  upper  end  of  the 
iemur;  dislocations  and  sprains  of  the  hip-joint;  and  con- 
tusions of  the  hip. 

Surgical  Anatomy. — The  strength  of  the  hip-joiut  de]ieiif^s  iirimarilj' 
■on  its  osseous  elements — the  rounded  head  of  the  femur  filling  the  deep 
socket  of  the  acetabulum,  to  the  bottom  of  which  it  is  attached  through 
the  medium  of  the  ligamentum  teres.  The  edge  of  the  acetabulum  is 
specially  strong  above  and  behind,  while  at  its  lower  margin  there  is  a 
gap,  bridged  over  by  the  cotyloid  ligament. 

■  In  relation  to  fractures  of  the  upper  end  of  the  femur,  it  is  to  be  borue 
in  mind  that  as  the  antero-posterior  diameter  of  the  neck  is  less  than 
"that  of  the  shaft,  and  as  a  considerable  portion  of  the  great  trochanter 
lies  behind  the  junction  of  the  neck  with  the  shaft,  the  greater  part  of 
•any  strain  put  upon  the  upper  end  of  the  femur  is  borne  by  the  neck  of 
the  bone  and  not  by  the  trochanter.    The  head  and  neck  of  the  femur 

are  nourished  chiefly  by 
the  thick,  vascular  peri- 
osteum, and  through 
certain  strong  fibrous 
bands  reflected  from  the 
attachment  of  the  cap- 
sule— the  cervical  liga- 
ments of  Stanley.  The 
integrity  of  these  liga- 
ments plays  an  import- 
ant part  iu  determining 
union  in  fractures  of 
the  neck  of  the  femur, 
both  by  keeping  the 

fragments  iu  position  and  by  maintaining  the  blood-supply  to  the  short 
fragment.  "Whether  it  be  true  or  not  that  an  alteration  iu  the  angle  ol 
the°  femoral  neck  takes  place  with  advancing  years,  it  is  generally  recog- 
nised that  this  change  is  of  no  importance  in  relation  to  fractures  in  tuis 

region.  i      n-  ■ 

The  capsular  ligament  of  the  hip  is  of  exceptional  strength,  it  is 
attached  above  to  the  entire  circumference  of  the  acetabulum,  and  below 
to  the  neck  of  the  femur  in  such  a  way  that  while  the  whole  of  the 
anterior  and  inferior  aspects  of  the  neck  lie  within  its  attachment,  only 
the  inner  half  of  the  posterior  and  superior  aspects  is  intra-capsular. 
The  capsule  is  augmented  by  several  accessory  bands,  the  most  important 
of  which  is  the  ilio-fcmoral  or  K-shapcd  ligament  of  Bigelow,  which  passes 
from  the  anterior  inferior  iliac  spine  to  the  anterior  inter-trochantenc 
line,  its  fasciculi  being  specially  thick  towards  the  upper  and  lower  ends 
of  this  ridge.  The  inner  limb  of  this  ligament  limits  extension  ol  tue 
thigh,  -while  the  outer  limits  cversion  and  adduction.  The  weakest  part 
■of  the  capsular  ligament  lies  o]ipositc  the  lower  and  back  part  of  the  joint. 

The  hip-joint  is  suri-ounded  by  muscles  which  contribute  to  its  strengui, 
the  most  important  from  the  surgical  point  of  view  being  the  obturator 
internus,  which  plays  ail  important  j.art  in  certain  dislocations,  and  t  ie 
ilio-psoas,  which  inlluences  the  attitude  of  the  limb  in  various  Ic-sions  in 
this  i-egion. 


Fig.  184. — Nelatou's  Line. 
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Exoeiit  iu  very  tliiii  subjects,  the  constituent  elements  of  the  hip-joint 
(umnot  be  palpated  through  the  skin.  A  line  drawn  vertically  down- 
wards from  the  middle  of  Poupart's  ligament  passes  over  the  centre  of 
the  joint,  which,  iu  adults,  lies  on  the  same  level  as  the  tip  of  the  gi-eat 
trochanter.    In  children  it  is  somewhat  higher. 

For  jiurposes  of  clinical  diagnosis  it  is  necessary  to  locate  certain  bony 
prominences,  the  most  important  being  : — (1)  The  anterior  superior  iliac- 
spine,  which  is  most  readily  recognised  by  running  the  fingers  along 
Poupart's  ligament  from  within  outwards.  (2)  The  ischial  tviberosity, 
which  iu  the  extended  position  of  the  limb  is  overlapped  by  the  lower- 
margin  of  the  gluteus  maximus  muscle,  and  is  therefore  not  easily  located 
with  precision.  By  flex- 
ing the  limb  and  making 
pressure  from  below  up- 
wards in  the  ghrteal  fold, 
the  smooth,  rounded  pro- 
minenci!  can  usually  be 
detected.  (3)  The  quad- 
rilateral great  trochanter 
is  readily  recognised  ■  on 
the  outer  aspect  of  the 
hip.  Its  highest  point  or 
tip  can  best  be  felt  by 
pressing  over  the  gluteal 
miiscles  from  above  down- 
wards. 

Clinical  Tests.  — -If  a 
line  is  drawn  from  the 
anterior  superior  iliac  spine  to  the  most  prominent  part  of  the  ischial 
tuberosity,  it  just  touches  the  tip  of  the  great  ti-ochanter.  This  is  known 
as  Nelaton's  line  (Fig.  184). 

Bryant's  test  (Fig.  185)  is  applied  with  the  patient  lying  on  his  back, 
and  consists  in  dropping  a  perpendicular  AB  from  the  anterior  superior 
iliac  spine,  and  drawing  a  line  CD  from  the  tip  of  the  great  trochanter 
to  intersect  the  perpendicular  at  right  angles.  This  is  done  on  both  sides 
of  the  body,  and  the  length  of  the  lines  CD  compared.  Shortening  on 
one  side  indicates  an  upward  displacement  of  the  trochanter,  lengthening 
a  downward  displacement.  The  third  side  AC  of  the  triangle  indicates- 
the  distance  between  the  anterior  spine  and  the  tip  of  the  trochanter. 

Chienes  lest,  which  is  simpler  than  either  of  these,  consists  in  apply- 
ing a  strip  of  lead  or  tape  across  the  front  of  the  body  at  the  level  of  the 
anterior  superior  iliac  spines,  and  another  touching  the  tips  of  the  two- 
trochanters.  Any  want  of  parallelism  in  these  lines  indicates  a  change 
in  the  position  of  one  or  other  trochanter. 

Fractures  op  the  Upper  End  op  the  Femur 

It  will  be  convenient  here  to  study  the  various  fractures  of 
the  upper  end  of  the  femur  that  are  liable  to  be  confused  with 
one  another  and  with  dislocations  of  the  hip.  Tliese  include 
fractures  of  the  head,  the  neck,  the  trochanters,  and  separation 
of  the  upper  epiphyses,  and  fracture  of  the  shaft  just  below 
the  trochanters. 


Fig.  185.— Bryant's  Lines. 
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Fracture  of  the  head  of  the  femur  is  exceedingly  rare,  and 
is  usually  a  complication  of  backward  dislocation  of  the  hip. 
It  takes  the  form  of  a  split  of  the  articular  surface  caused  by 
impact  against  the  edge  of  the  acetabulum,  and  is  analogous  to 


a  Epiphysis  of  head,    b.  Epiphysis  of  great  trochanter,    c,  Epiphysis 
of  small  trochanter,    d,  Capsular  ligament. 

(After  Poland.) 


the  indentation  fracture  of  the  head  of  the  humerus,  Avhich  may 
accompany  dislocation  of  the  shoulder. 

The  epiphysis  of  the  head,  which  lies  entirely  within  the 
capsule  of  the  joint  (Fig.  186),  is  occasionally  separated, 
and  the  symptoms  closely  simulate  those  of  fracture  of  the 
narrow  part  of  the  neck.  If  the  condition  is  overlooked  or 
imperfectly  treated,  it  may  in  course  of  time  be  followed  by 
coxa  vara. 

Fractures  of  the  Neck 

It  has  long  been  customary  to  divide  fractures  of  the  neck 
of  the  femur  into  two  groups— "  intra- "  and  "  extra-capsular  ; 
but  as  in  a  considerable  proportion  of  cases  the  hne  of  frac- 
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ture  falls  partly  withia  and  partly  without  the  capsule,  this 
classification  is  wanting  in  accuracy.  It  is  more  correct  to 
divide  these  fractures  into  (1)  those  occurring  through  the 
narrow  jiCLvt  of  the  neck,  which  are  nearly  always  purely  intra- 
capsular ;  and  (2)  those  occurring  through  the  base  of  the  nech, 
in  which  the  line  of  fracture  lies  inside  the  capsule  in  front, 
but  outside  of  it  behind. 

It  is  of  considerable  importance  to  distinguish  between 
fractures  in  these  two  positions.    The  first  group  occurs  almost 


Fig.  187.— Fracture  through  Narrow  Part  of  Neck  of  Femur  on  section. 
The  neck  of  the  boue  has  undergone  absorption.' 

exclusively  in  old  persons  as  a  result  of  slight  forms  of  indirect 
violence,  and  it  is  liable,  on  account  of  the  feeble  vascular 
supply  to  the  upper  fragment,  to  be  followed  by  absorption  of 
the  neck,  which  delays  or  may  even  entirely  prevent  union 
(Fig.  187).  The  second  group  usually  occurs  in  robust  adults, 
and  results  from  severe  forms  of  violence  applied  to  the  tro- 
chanter.   In  this  group  firm  osseous  union  usually  takes  place. 

Fracture  of  the  Narrow  Part  of  the  Neck  or  Intra-capsular 
Fracture.— This  fracture  is  most  frequently  met  with  in  elderly 
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persons,  especially  in  women,  and  is  usually  produced  by  com- 
paratively slight  forms  of  indirect  violence — such,  for  example, 


Fig.  188.— Impacted  Fracture  through  Narrow  Part  of 
Neck  of  Femur. 


as  result  from  the  foot  catching  on  the  edge  of  a  carpet, 
stumble  in  walking,  or  missing  a  step  in  going  down  stairs. 


Fig.  189.-Fracture  of  Neck  of  Right  Femur,  showing  shortening 
abduction,  and  eversion  of  limb. 
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The  line  of  fracture,  which  is  usually  transverse  but  may  be 
oblique  or  irregular,  lies  for  the  most  part  within  the  capsule, 
and  the  posterior  part  of  the  neck  is  more  comminuted  than 
the  anterior.  The  outer  fragment,  which  includes  the  base  of 
the  neck,  the  trochanters,  and  the  shaft,  is  usually  displaced 
upward  and  rotated  outward.  Tf  the  periosteum  and  the 
cervical  ligaments  remain  intact,  displacement  is  prevented  and 
union  favoured. 

Impaction  is  less  common  than  in  fracture  through  the  base 
of  the  neck ;  it  usually  results  from  the  patient  falling  on 
the  trochanter,  the  outer  fragment  being  driven  as  a  wedge 
into  the  inner  (Fig.  188). 

Clinical  Features. — In  non-impacted  cases  the  limb  is  at  once 
rendered  useless,  and  the  patient  is  unable  to  rise.  There  is 
pain  and  tenderness  in  the  region  of  the  hip  on  making  the 
slightest  movement;  and  a  specially  tender  spot  may  be  localised, 
indicating  the  seat  of  fracture. 

On  placing  the  pelvis  as  square  as  possible,  and  comparing 
the  measurements  of  the  limbs  from  the  anterior  superior 
spine  to  the  internal  malleolus,  shortening  of  the  injured  limb 
to  the  extent  of  from  one  to  three  inches  may  be  found.  On 
applying  Nekton's,  Bryant's,  or  Chiene's  tests,  the  tip  of  the 
great  trochanter  will  be  found  elevated.  It  is  also  farther  back 
and  less  prominent  than  normal. 

The  whole  limb  is  usually  everted  to  a  greater  or  less  degree,- 
and  is  slightly  abducted.  In  some  cases,  when  the  impaction 
IS  of  the  anterior  portion  of  the  neck,  the  limb  is  inverted 
On  comparing  the  ilio-tibial  band  of  the  fascia  lata  on  the 
two  sides.  It  is  found  to  be  relaxed  on  the  side  of  the  in- 
jury. 

The  violence  being  as  a  rule  indirect,  there  is  at  first  little 
or  no  discoloration  in  the  vicinity  of  the  hip,  but  this  may  appear 
a  few  days  later. 

Crepitus  is  not  a  constant  sign,  and  should  not  be  diligently 
sought  for,  as  the  necessary  manipulations  are  liable  to  disen^aae 
the  fragments  and  to  increase  the  deformity.  For  the  same 
reason  rotatory  movements  are  to  be  avoided.  It  is  often  stated 
that  when  the  neck  of  the  femur  is  broken,  the  trochanter  may 
be  recognised  to  rotate  through  the  arc  of  a  smaller  circle  than 
under  normal  conditions.  Theoretically  this  may  be  true,  but 
the  ditlerence  is  so  slight  as  to  render  the  sign  of  little  clinical 

YcllU6. 

In  all  cases  in  ^yhich  the  diagnosis  is  uncertain,  the  patient 
.  should  be  put  to  bed,  and  treated  as  for  a  fracture.    In  the 
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course  of  a  few  days,  when  the  swelling  has  subsided  and  the 
pain  abated,  a  further  examination  should  be  made,  and  the 
subsequent  treatment  determined  by  the  result. 

In  examining  an  old  person  who  has  sustained  an  injury  in 
the  region  of  the  hip,  it  should  be  borne  in  mind  that  the  limb 
may  be  shortened  and  everted  as  a  result  of  arthritis  deforman.?, 
and  that  the  symptoms  of  that  disease  may  simulate  those  of 
fracture.  In  arthritis  deformans,  however,  the  ilio-tibial  band 
of  the  fascia  lata  is  not  relaxed  as  it  is  in  fracture. 

In  some  cases,  and  particularly  in  those  in  which  the 
periosteum  of  the  neck  and  the  cervical  ligaments  remain  intact, 
Lhe  shortening  does  not  become  apparent  till  a  few  days  after 
the  accident.  As  the  other  symptoms  are  correspondingly  ob- 
scure, the  condition  is  apt  to  be  mistaken  for  a  bruise.  In  all 
doubtful  cases  the  part  should  be  examined  from  day  to  day, 
and,  if  possible,  the  X-rays  should  be  used. 

In  impacted  cases  the  signs  of  fracture  are  often  obscure,  and 
the  patient  may  even  be  able  to  walk  after  the  accident.  The 
skin  over  the  trochanter  is  generally  discoloured  from  bruising. 
Eversion  is  usually  present,  but  there  may  be  very  little  shorteu- 
incT  Crepitus  is  absent.  In  old  people  it  is  never  advisable 
to°undo  impaction,  as  the  interlocking  of  the  bones  favours 
the  occurrence  of  osseous  union.  _ 

Prognosis.— A  fracture  of  the  neck  of  the  femur  m  an  old 
person  is  always  attended  with  danger  to  life,  a  considerable 
proportion  of  the  patients  dying  within  a  few  weeks  or  months 
of  the  accident  from  causes  associated  with  it.  In  some  cases 
the  mental  and  physical  shock  so  far  diminishes  the  vitality  ot 
the  patient  that  death  ensues  within  a  few  days.  It  is  possible 
that  fat  embolism  may  account  for  death  in  some  of  the  more 
rapidly  fatal  cases.  In  others,  the-  continued  dorsal  position 
induces  hypostatic  congestion  of  the  lungs  or,  owing  to  the 
difficulties  of  nursing,  bed-sores  may  form  and  death  result  from 
septic  absorption.  Frequently  the  prolonged  confinement  to 
bed  the  continuous  pain,  and  the  natural  impairment  of  appetite 
wear  out  the  strength.  In  many  cases  the  patient  becomes 
peevish,  irritable,  or  mentally  weak.  ,     r  . 

Osseous  union  is  the  exception  in  intra-capsular  fracture, 
especially  when  the  periosteum  and  the  cervical  ligaments  have 
been  completely  torn,  but  in  sub-periosteal  and  in  impa  ted 
fractures  it  sometimes  occurs.  As  a  rule,  l^°-'<;[«^^,^^^^V^^f 
the  femur  becomes  absorbed  and  disappears,  the  l^^^^^  «f 
bone  comes  to  lie  in  contact  with  the  base  of  the  trochan  , 
and  a  false  joint  forms  (Fig.  187).    Chronic  changes  of  the 
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nature  of  arthritis  deformans  may  occur  in  and  around  such 
false  joints. 

When  osseous  union  fails  to  take  place,  although  the  patient 
may  eventually  be  able  to  get  about,  he  can  do  so  only  with 
the  aid  of  a  stick  or  crutch,  and  as  there  is  marked  shortening, 
he  walks  with  a  decided  limp.  There  is  considerable  antero- 
posterior thickening  of  the  neck  of  the  femur,  and  the  femoral 
vessels  may  be  pushed  forward  in  Scarpa's  triangle. 
Treatment. — Li  treatinc; 


through 


the 


a  fracture 

narrow  part  of  the  neck, 

it  is  necessary  to  consider 

the  age  and  general  con- 
dition    of     th.e    patient ; 

whether    the   fracture  is 

impacted  or  not;  and  the 

site     of     the     fracture — 

whether  in  the  narrow  part 

of  the  neck  or  at  its  base. 

"The  first  indication  is  to 

save  life,  the  second  to  get 

union,  and   the   third  to 

correct    or    diminish  dis- 
placements "  (Stimson). 

In  old  and  debilitated 
patients,  bony  or  even  firm 
fibrous  union  seldom  takes 
place,  and  it  is  generally 
advisable  to  get  them  out  of 
bed  as  speedily  as  possible. 
For  the  first  few  days  the 
patient  may  be  kept  on  his 
back,  the  limb  massaged 
daily,  and  in  the  interval 
steadied  by  sand-bags;  but 
on  the  first  sign  of  re- 
spnatory  or  cardiac  trouble  he  should  be  propped  up  in  bed  and 
as  soon  as  possible  lifted  into  a  chair,  'in  all  such  cases  au^ 
Should  be  taken  to  avoid  undoing  impaction 

When  the  general  condition  of  the  patient  permits  of  it,  an 
a  t  mp  should  be  made  to  secure  bony  union  by  one  or  o  her 
ot  the  tollowing  appliances. 

It  has  been  shown  by  Royal  Whitman  that  the  most  accurite 
apposition  of  the  fragments  is  obtained  when  the  limb  is  placed 


FiG^  190.  —Fracture  of  Narrow  Part  of  Neck 
of  Femur.  The  neck  has  become  ab- 
sorbed, the  head  lias  not  united,  and  a 
ial.se  joint  has  formed. 
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in  tlie  position  of  extreme  abduction,  steadied  between  two 
long  narrow  sand-bags. 

Shortening  may  be  counteracted  by  extension  with  iveight  and 
pulley  (Fig.  191).  Strips  of  strong  adhesive  plaster  are  applied 
to  each  side  of  the  limb,  reaching  well  above  the  middle  of  the 
thigh.  To  the  lower  ends  of  these  are  attached  broad  tapes, 
to  which  a  stirrup  is  buckled,  and  through  it  traction  is  made 
by  means  of  a  cord  passing  over  a  pulley  fixed  to  the  corner  of 
the  bed,  the  weight  varying  with  the  requirements  oi  the  case. 
In  a  moderately  muscular  adult,  a  weight  of  from  six  to  eight 
pounds  should  be  apphed  at  first,  and  increased  or  diminished 
as  required.  The  correct  weight  to  employ  is  that  which 
maintains  the  length  of  the  limb  at  its  normal.     In  some  cases 


Fig.  191.— "Extension  by  Weight  and  Pulley, 


it  may  be  necessary  to  use  as  mnch  as  fifteen  pounds  The 
necessary  counter-extension  is  obtained  by  raising  the  foot  of 

the  bed  on  blocks.  ,     i  •, 

Steinmann's  apparatus  (Fig.  192)  may  be  had  recourse  o 
when  more  powerful  extension  is  required  to  maintain  the 
normal  leng  h  of  the  limb;  two  steel  pms  are  driven  into 
ihe  lower  e"nd  of  the  femur,  one  on  either  side,  and  through 
these,  extension  by  weight  amounting  to  as  much  as  forty  or 
fiftv  nounds  may  be  exerted  on  the  lower  fragment. 

ShoSd  t  be  considered  necessary  to  control  the  joint,  above 
.nd  below  the  fracture,  this  may  be  done  by  means  o  Ustons. 
Zia  sSZ  m^.  193),  which  extends  from  the  axilla  to  two  or 
h  t  h  ches  beyond  the  foot.    The  part  of  the  sphnt  which 
s  n  ontact  Jith  the  lower  extremity  is  enclosed  m  a  sheet, 
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which  envelops  the  limb,  while  the  upper  part  is  fixed  to  the 
thorax  by  means  of  a  broad  roller  bandage.  To  enable  the 
limb  to  be  abducted,  the  splint  should  be  furnished  with  a 
hinge  placed  opposite  the 
hip-joint  (Fig.  288).  Eota- 
tion  of  the  limb  is  pre- 
vented by  fixing  the  lower 
end  of  the  splint  in  a  foot- 
rest.  In  restless  patients  it 
is  an  advantage  to  apply  a 
long  splint  to  the  sound  leg 
in  addition,  and  to  connect 
the  two  splints  by  a  cross- 
bar below. 

Eversion  may  be  corrected 
by  sand-bags  placed  along- 
side the  limb,  or  by  means 
of  a  piece  of  wood  fixed  to 
the  back  of  the  knee  at 
right  angles  to  the  axis  of 
the  limb  by  a  few  turns  of 
plaster-of -Paris  bandage.  It 
is  important  also  to  keep 
the  bed-clothes  clear  of  the 
foot  by  means  of  a  cage. 

Hodgen's  siMnt  is  one  of 
the  most  comfortable  and 
efficient  means  of  treating 
these  fractures,  as  it  allows 
the  patient  a  certain  amount 
of  movement,  admits  of  the 
part  being  massaged,  and 
facilitates  nursing. 

It  consists  of  a  wire  frame 
(Fig.  194),  to  one  side  of 
which  a  series  of  strips  of 
flannel  about  four  inches 
wide  are  attached.  Exten- 
sion strapping  is  first  ajiplied, 
and  then  the  frame,  which 
extends  from  the  level  of  Poupart's  ligament  to  well  beyond 
the  sole  IS  placed  over  the  front  of  the  limb,  and  the  loose 
encl.s  ot  the  flannel  strips,  brought  round  behind  the  limb,  and 
hxed  to  the  other  side  of  the  frame,  convert  it  into  a  sling 


Fia.  192.— Steinraaiin's  Apparatus  for 
applying  Direct  Extension  to  the 
Femur. 
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Tlie  strips  of  flannel  may  be  replaced  with  advantage  by  a 
strong,  wide-meshed  net.  The  tapes  attached  to  the  extension 
strapping  are  now  tied  to  the  end  of  the  frame.  By  suspending 
the  limb  in  this  splint  by  means  of  cords  passing  obliquely  over 
a  pulley  attached  to  an  upright  at  the  foot  of  the  bed,  the 


Tf 


Fig  193.— Long  Splint  with  Extension  Plasters 
applied  for  Fracture  of  Neck  of  Femur. 

weight  of  the  limb  is  made  to  act  as  the  extending  force.  It 
should  be  kept  on  for  six  or  eight  weeks,  after  which  the  patient 
is  allowed  to  walk  on  crutches  for  three  or  four  weeks  longer 

In  exceptional  cases,  recourse  maybe  had  ^accurate  hxa- 
tion  of  the  fragments  by  a  long  steel  peg  introduced  through 
the  skin  over  the  great  trochanter,  and  passed  so  as  to  tiansnx 
them;  or  the  fragments  may  be  exposed  by  an  open  operat  on 
and  sutured  together  with  silver  wire,  the  torn  capsule  being 
stitched  with  catgut. 
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^\.s  a  femporari/  means  of  securing  the  limb — for  example, 
while  the  patient  is  being  transported  to  hospital — extension 
may  be  obtained  by  means  of  a  j)ervieal  hand  attached  to 
Liston's  long  s]>Unf  (Fig.  195).  The  patient's  foot,  carefully 
padded,  is  fixed  to  the  lower  end  of  the  splint  by  a  bandage 
or  triangular  handkerchief.  By  pushing  the  splint  down, 
traction  is  made  upon  the  limb,  and  this  is  maintained  by 


Fig.  194.— Hodgeu's  Spliut. 


means  of  a  padded  triangular  bandage  passed  through  the  fork, 
and  fixed  to  the  upper  end  of  the  splint. 

Fracture  of  the  Neck  of  the  Femur  in  Children.— The  use 
of  the  X-rays  has  shown  that  this  fracture  is  comparatively 
common  in  children,  as  a  result  of  a  fall  or  a  forcible  twist  of 
the  leg.  The  fracture  is  most  frequently  of  the  greenstick 
variety;  when  complete,  it  is  usually  impacted.  There  is 
shortening  to  the  extent  of  a  half  or  three-quarters  of  an  inch, 
a  slight  degree  of  eversion,  the  movements  of  the  hip  are 
restricted,  and  there  is  some  pain.    The  patient  is  often  able 
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to  move  about  after  the  accident,  but  walks  with  a  limp. 
Unless  the  use  of  the  X-rays  reveals  the  fracture,  the  condition 
is  liable  to  be  overlooked. 

When  the  lesion  is  diagnosed,  the  deformity  should  be 
completely  corrected,  any  impaction  that  exists  being  un- 
done ;  and  the  limb  is  put 
up  in  a  wide  abduction 
splint  or  in  a  plaster-of-Paris 
case  in  the  position  of  ex- 
treme abduction. 

If  the  condition  is  not 
recognised  and  treated,  it  is 
liable  to  be  followed  by  the 
development  of  coxa  vara 
(Royal  Whitman)  (Fig.  196). 

Fracture  through  the 
Base  of  the  Neck. — This 
fracture  is  usually  produced 
by  a  fall  on  the  great  tro- 
chanter, although  it  is  occa- 
sionally due  to  a  fall  on  the 
feet  or  knees. 

Although  often  spoken 
of  as  "  extra-capsular,"  on 
account  of  the  disposition  of 
the  capsular  ligamentalready 
described,  the  line  of  frac- 
ture is  generally  partly  with- 
in and  partly  without  the 
capsule.  The  fracture  usu- 
ally lies  close  to  the  junction 
of  the  neck  with  the  shaft, 
and  in  the  great  majority 
of  cases  is  accompanied  by 
breaking  of  one  or  both 
trochanters.  This  is  due  to 
the  neck  being  driven  as  a 
wedge  into  the  trochanters,  splitting  them  up  When  the 
fragments  remain  interlocked,  the  fracture  is  of  the  impacted 

''''S'ir/i^i?2es.-Although  this  fracture  is  commonly  met 
with  in  strong  adults,  it  may  occur  in  the  aged. 

The  outer 'aspect  of  the  hip  shows  marics  of  bruis mg^^  a nd 
there  is  always  severe  pain  and  a  considerable  degree  of  shock. 


Fig.  195.— Long  Splint  with 
Perineal  Baud. 
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The  limb  lies  helpless;  there  is  generally  marked  eversion,. 
with  shortening,,  -which,  in  non-imjjar.ted  cases,  may  amount  to 


le  and  a  half  or  two  inches,  and  is  evident  immediately  after 
e  accident ;  it  is  due  to  the  lower  fragment  being  drawn  up 
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by  the  muscles  inserted  into  the  great  trochanter  and  upper  end 
of  the  shaft.  In  a  limited  numher  of  cases  the  outer  fragment 
lies  in  front  of  the  inner,  and  there  is  inversion  of  the  limb. 

On  applying  the  various  tests,  the  great  trochanter  is  found 
to  be  displaced  upwards,  there  is  some  antero-posterior  broaden- 
ing of  the  trochanteric  region,  and  the  ilio-tibial  band  is  relaxed. 
On  pressing  the  fingers  into  the  outer  part  of  Scarpa's  triangle, 
a  bony  mass  consisting  of  the  broken  fragments  may  be  felt, 

and  is  tender  on  pressure.  Un- 
natural mobility  with  crepitus 
may  be  elicited. 

In  the  impacted  varieiy,  the 
shortening  seldom  exceeds  one 
inch  ;  the  eversion  is  less  marked ; 
there  is  sonie  power  of  voluntary 
movement;  and  crepitus  is  absent. 
The  broadening  of  the  trochan- 
teric region  is  greater,  and  the 
great  trochanter  is  approximated 
to  the  acetabulum. 

Prognosis. — The  risks  to  life 
in  the  aged  are  similar  to  those 
of  intra-capsular  fracture.  In 
youths  and  healthy  adults  the 
chief  danger  is  that  the  limb 
may  be  shortened  and  its  func- 
tion thereby  impaired. 

As  the  periosteum  and  cervical 
ligaments  which  transmit  the 
blood-vessels  to  the  short  frag- 
ment are  intact,  bony  union  is 
the  rule.  There  is  always,  how- 
FiG.  197.— Non-impaoted  Fracture  ever,  considerable  thickening 
through  Base  of  Neck.  -^^  ^^iQ  region  of  the  trochanter 

due  to  displaced  fragments 
and  callus,  and  in  a  certain  number  of  cases,  even  with  the 
greatest  care  in  treatment,  there  is  a  varying  degree  ot 
shortening  and  eversion  of  the  limb.  In  cases  in  which  the 
outer  fragment  lies  in  front  of  the  inner  there  is  permanent 

inversion.  ,     .  f 

Treatment.— As  this  fracture  usually  occurs  in  robust  patients, 
there  is  no  danger  from  prolonged  confinement  to  bed  :  and 
as  union  without  deformity  can  be  attained  in  no  other 
way,  this  is  always  advisable.     AVhen  the  shortening  and 
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eversion  are  excessive,  they  should  be  completely  corrected 
under  anaesthesia  before  the  retentive  apparatus  is  applied, 
any  impaction  that  exists  being  undone.  When  the  defor- 
mity resulting  from  impaction  is  slight,  however,  it  is  best  to 
leave  it,  as  it  facilitates  speedy  and  firm  union. 

The  same  retentive  appliances  are  used  as  in  fracture  through 
the  narrow  part  of  the  neck  (p.  564). 

Fracture  of  the  great  trochanter  occurring  apart  from 
fracture  of  the  neck 
usually  results  from 
direct  violence,  but 
maybe  due  to  muscu- 
lar action.  The  tro- 
chanter is  displaced 
by  the  gluteal  mus- 
cles, causing  broad- 
ening of  the  outer 
aspect  of  the  hip.  In 
young  persons  the 
epiphysis  of  the  great 
trochanter  may  be 
separated,  but  this  is 
rare.  The  treatment 
consists  in  retaining 
the  fragments  in 
position  by  keeping 
the  limb  abducted 
between  sand -bags, 
or  by  pegs  driven  in 
through  the  skin. 

Fracture  imme- 
diately  below    the      Fig.  198.— Fracture  through  Base  of  Neck  of 
lesser       trochanter       Femxir  with  impaction  into  the  Trochanters, 
may  be  produced  by 

direct  or  by  indirect  violence,  and  the  displacement  depends 
largely  on  whether  the  line  of  fracture  is  transverse  or  oblique. 
The  upper  fragment  is  tilted  forward  and  rotated  outward  by 
the  ilio-psoas  muscle  and  the  external  rotators  inserted  in  the 
region  of  the  great  trochanter.  The  lower  fragment  is  pulled 
upward  and  rotated  outward  by  the  flexors  and  adductors,  the 
weight  of  the  limb  aggravating  the  eversion.  The  tilting  of 
the  upper  fragment  may  be  increased  by  the  displaced  lower 
fragment  pushing  it  forward. 

On  account  of  the  difficulty  of  controlling  the  short  upper 
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fragment,  union  is  liable  to  take  place  with,  considerable 
shortening  and  deformity  (Eig.  200). 

Treatment. — "When  it  is  found,  under  an  anaesthetic,  that  the 
displacement  can  be  completely  reduced,  and  does  not  tend  to 

recur,  this  fracture  is 
treated  on  the  same  lines 
as  fractures  of  the  shaft 
of  the  bone. 

In  cases  in  which 
the  upper  fragment  can- 
not be  brought  into 
line  with  the  lower 
one,  however,  it  is 
necessary  to  flex  and 
slightly  rotate  outward 
and  abduct  the  thigh  in 
order  to  get  the  frag- 
ments into  apposition. 
This  is  most  simply  done 
by  means  of  a  double- 
inclined  plane  (Fig.  201), 
while  at  the  same  time 
extension  may  be  ap- 
plied in  the  axis  of  the 
thigh. 

Hod  gen's  splint  (Fig. 
194)  fulfils  these  indica- 
tions, and  it  has  the 
advantage  of  permitting 
of    the    patient  being 


Fig.  199.— Non-impacted  Fracture  tlirougli 
Base  of  Neck.  Union  has  occurred  with 
diminution  of  angle  of  neck— Coxa  Vara. 


moved  or  even  propped  up  in  bed  without  fear  of  disturbing 
the  fracture. 

In  all  these  fractures  of  the  upper  end  of  the  femur,  massage 
should  be  employed  from  the  outset,  and  movements  as  soon  as 
possible. 

Dislocations  op  the  Hip 

It  is  imnecessary  for  our  present  purpose  to  attempt  a 
comprehensive  classification  of  the  numerous  varieties  of  dis- 
location that  have  been  met  with  at  the  hip-jomt.  It  wjll 
suffice  if  we  divide  them  into  those  in  which  the  head  ot  tlie 
femur  passes  backward,  and  comes  to  rest  on  the  dorsum  ilu, 
or  in  the  vicinity  of  the  ischiatic  notch ;  and  those  m  whicli  it 
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passes  forward  and  comes  to  rest  in  the  obturator  foramen,  or 
on  the  pubes  (Fig.  202). 

The  backward  are  much  more  common  than  the  forward 
dislocations,  in  contrast  to  what  obtains  at  the  shoulder,  where 
the  forward  varieties  predominate. 

On  account  of  the  great  strength  of  the  hip-joint,  dislocation 
is  by  no  means  a  common  injury.  It 
occurs  most  frequently  in  strong  adults 
after  the  epiphyses  have  ossified,  and 
•  before  the  bones  have  commenced  to  be- 
come brittle  ;  and  it  is  much  more  common 
in  men  than  in  women.  It  is  invariably 
the  result  of  severe  violence,  the  limb  at 
the  moment  being  in  such  a  position  that 
the  ligaments  are  on  the  stretch  and  the 
muscles  taken  at  a  disadvantage.  The 
head  of  the  femur  usually  leaves  the  joint 
at  the  lower  and  back  part,  where  the 
socket  is  most  shallow  and  the  ligaments 
weakest.  The  ligamentum  teres,  is  almost 
always  torn  from  its  femoral  attachment, 
and  one  or  more  of  the  muscles  inserted  in 
the  region  of  the  trochanters  may  be  rup- 
tured. The  A-shaped  ligament,  on  the 
other  hand,  is  seldom  torn,  and  so  long  as 
it  remains  intact  the  dislocation  belongs 
to  one  or  other  of  the  types  above  named. 
All  atypical  dislocations,  such  as  the  supra- 
cotyloid,  infra-cotyloid,  ilio-pectineal,  are 
due  to  rupture  of  some  part  of  the 
A-ligament,  and  are  so  rare  as  not  to  call 
for  individual  description. 

Like  other  dislocations,  those  of  the  hip 
may  be  complicated  by  laceration  of  muscles, 
blood-vessels,  or  nerves,  or  by  fracture  of 
one  or  other  of  the  bones  in  the  vicinity. 

Dislocation  on  to  the  Dorsum  Ilii.— This,  the  commonest 
form  of  dislocation  of  the  hip,  is  usually  the  result  of  the 
patient  falling  from  a  height,  or  receiving  a  heavy  weight  on 
the  back  while  stooping  forAvard  with  the  thigh  flexed,  slightly 
adducted,  and  rotated  in.  It  is  also  said  to  have  occurred  from 
muscular  action.  The  shaft  of  the  femur  acts  as  the  long  limb 
of  a  lever  of  which  the  neck  is  the  short  limb,  the  femoral 
attachment  of  the  A-ligament  forming  the  fulcrum.    The  head, 


Fig.  200.— Fracture  of 
Femur  just  below 
the  Small  Trochanter 
united,  showing  flex- 
ion aud  external 
rotation  of  upper 
fragment. 
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thus  brought  to  bear  upon  the  lower  and  back  part  of  the 
capsule,  tears  it  and  leaves  the  socket,  passing  upwards  and 
coming  to  rest  on  the  dorsum  of  the  ilium,  above  and  anterior 
to  the  tendon  of  the  obturator  internus  (Fig.  204).  The 
articular  surface  is  directed  backward,  while  the  trochanter  looks 
forward. 

Clinical  Features. — The  affected  limb  is  flexed,  adducted, 
and  rotated  inward,  so  that  the  knee  crosses  the  lower  third 
of  the  opposite  thigh,  and  the  ball  of  the  great  toe  Hes  on 
the  dorsum  of  the  sound  foot.  There  is  shortening  to  the 
extent  of  from  one  and  a  half  to  two  inches,  the  trochanter 
being  displaced  above  Nelaton's  line,  and  lying  nearer  to  the 
anterior  superior  iliac  spine  than  on  the  normal  side.  The 


Fig.  201.— Adjustable  Double-inclined  Plane. 


patient  is  unable  to  move  the  limb  or  to  bear  weight  upon  it ; 
abduction  and  external  rotation  are  specially  painful;  and 
traction  fails  to  restore  the  limb  to  its  proper  length.  On 
making  these  attempts  a  characteristic  elastic  resistance  is  felt. 

The  head  of  the  femur  in  its  new  position  may  sometimes 
be  felt  through  the  fibres  of  the  gluteus  maximus,  but  swelling 
of  the  soft  parts  often  obscures  this  sign.  The  normal  de- 
pression behind  the  great  trochanter  is  lost,  the  gluteal  fold  is 
raised,  and  there  is  often  a  degree  of  lordosis  which  com- 
pensates for  the  flexion.  The  fingers  can  be  pressed  more 
deeply  into  Scarpa's  triangle  on  the  dislocated  than  on  the 
normal  side— a  point  in  which  this  injury  differs  from  fracture 
of  the  base  of  the  neck  of  the  femur. 

In  a  certain  number  of  cases  the  outer  limb  of  the  A-ligameut 
is  ruptured  and  the  limb  is  everted— f^orsa/  dislocation  tnth 

eversiori.  tit  j.  v 

Dislocation  into  the  vicinity  of  the  Ischiatic  Notch,  or 
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"dislocation  heloio  the  tendon." — This  variety  of  backward  dis- 
location is  less  common  than  that  on  to  the  dorsum,  although 
produced  in  the  same  way.  The  head  of  the  femur  passes 
beneath  the  obturator  internus,  and  this  tendon,  catching  on 
its  neck,  checks  its  upward  movement  (Fig.  204). 

The  clinical  features  are  the  same  as  those  of  the  dorsal 
variety,  but,  on  the  whole,  are  less  marked. 

Differential  Diagnosis. 
— Backward  dislocations 
of  the  hip  are  usually 
easily  recognised.  When 
dislocation  below  the 
tendon  occurs  in  a  very 
stout  person,  however,  it 
is  liable  to  be  over- 
looked on  account  of  the 
difficulty  of  feeling  the 
displaced  bone,  and  of 
the  comparatively  slight 
amount  of  deformity 
present.  The  nature  of 
the  accident,  the  absence 
of  broadening  of  the 
trochanter,  and  the  ad- 
duction and  inversion  of 
the  limb  are  usually  suffi- 
cient to  prevent  a  dis- 
location being  mistaken 
for  an  impacted  extra- 
capsular fracture. 

Dislocation  into  the 
Obturator  Foramen  (Fig. 
202). — This  dislocation  is 
produced  by  great  force  applied  from  behind  while  the  thigh  is 
flexed  and  abducted,  as  when  a  weight  falls  on  the  back  of  a 
man  stooping  forward  with  the  legs  wide  apart.  It  may  also 
result  from  violent  abduction  by  wide  separation  of  the  thighs. 

The  capsule  gives  way  at  its  inner  and  lower  i)art,  and  the 
head  of  the  femur  comes  to  rest  on  the  surface  of  the  external 
obturator  muscle,  its  articular  surface  looking  forward,  while 
the  trochanter  looks  backward. 

Clinical  Features. — In  the  standing  position  the  thigh  is 
slightly  flexed  and  abducted,  with  the  foot  pointing  directly 
forward  or  a  little  outward.    The  body  is  bent  forward  to 


Fig.  202. — Diagrana  of  the  most  commou 
Dislocations  of  the  Hip. 
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relax  the  ilio-psoas  muscle  and  the  A-ligament,  the  foot  is 
advanced  and  the  heel  drawn  up.  It  is  not  uncommon  for  the 
patient  to  be  able  to  walk  after  the  accident,  and  only  to  seek 
advice  some  time  after  on  account  of  inability  to  adduct  and 
extend  the  limb.  There  is  apparent  lengthening  of  the  limb 
due  to  tilting  of  the  pelvis  downward  on  the  affected  side. 
The  hip  is  flattened,  the  trochanter  less  prominent  than  usual, 

and  the  head  of  the  bone 
may  sometimes  be  felt  in 
its  abnormal  position. 

Dislocation  on  to  the 
pubes  is  a  further  degree 
of  the  obturator  form  (Fig. 
202).  It  is  usually  pro- 
duced by  forcible  hyper- 
extension  and  external 
rotation  of  the  hip,  such 
as  occurs  when  the  body  is 
bent  back  while  the  thigh 
remains  fixed. 

The  capsule  is  torn 
farther  forward  than  in 
the  other  varieties,  and  the 
head  rests  on  the  hori- 
zontal ramus  of  the  pubes 
against  the  ilio-pectineal 
line. 

Clinical  features. — There 
is  marked  eversion,  flex- 
ion,  and  abduction,  bub 
FIG  203.-Dislocation  on  to  Dorsum  Ilii.  the    shortening  mcon- 
Note  relation  of  ueck  of  femur  to  tendons  siderable.      i  he  lllO-psOaS 
of  obturator  internus  and  gemelli.  and  A-Hgament  are  tense. 

The  head  of  the  femur 
may  be  felt  in  the  groin,  with  the  femoral  vessels  over,  or  to 
one  or  other  side  of  it.  There  is  sometimes  pain  and  numbness 
in  the  distribution  of  the  anterior  crural  nerve.  The  promi- 
nence of  the  great  trochanter  is  lost. 

Treatment  of  Dislocations  of  the  Hip.— For  the  reduction 
of  a  dislocation  of  the  hip  complete  anesthesia  is  necessary,  and 
the  patient  should  be  placed  on  a  firm  mattress  on  the  floor,  to 
o-ive  the  surgeon  the  best  possible  purchase  upon  the  limb.  Ihe 
surgeon  grasps  the  ankle  with  one  liand,  while  the  other  is 
placed  behind  the  head  of  the  tibia,  the  leg  being  held  at  right 
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angles  to  the  thigh.  An  assistant  meantime  steadies  the  pelvis 
by  making  firm  pressure  over  the  iliac  crests. 

As  the  chief  obstacle  to  reduction  is  the  tension  of  the  ilio- 
femoral ligament,  the  first  indication  is  to  relax  this  structure 
by  acutely  flexing  the  hip. 

In  the  backward  varieties  (dorsal  and  ischiatic)  the  A-ligament 
is  relaxed  by  flexing  the  thigh  upon  the  pelvis  in  the  position 
of  adduction.  The  thigh  is  then  fully  abducted,  to  cause  the 
head  of  the  bone  to  " ' 


\ 


re 

trace  its  steps  forwards 

towards  the  rent  in  the 

capsule  ;  and  at  the  same 

time  rotated  outwards,  to 

relax  the  rotator  muscles. 

This  combined  movement 

tends   also  to  open  up 

the  rent  in  the  capsule. 

Finally,  the  limb  is  quickly 

extended    to    cause  the 

head  to  enter  the  socket. 

This  object  is  often  aided 

by  making  vertical  trac- 
tion or  lifting  movements 

on    the    abducted  and 

externally   rotated  limb 

before  extending. 

For  the  reduction  of 
the  fonvard  varieties 
(obturator  and  pubic), 
the  thigh  is  first  fully 
flexed  on  the  pelvis,  but 
in  the  abducted  position. 
The  limb  is  then  strongly 
rotated  inward  and  ad- 
ducted,  and  finally  ex- 
tended. Lifting  move- 
ments may  be  found  useful  in  these  cases  also. 

linrt'arT^S^tldt °tT?he',  f^U  to^  '^'^f  7  '''' 
tion  of  relaxing  the  A:i^amenV     '°  '''''''' 

3  7 


?•  204.— Dislocation  into  the  vicinity  of  the 
Ischiatic  Notch.   Note  relation  of  neck  of 
femur  to  tendons  of  obturator  and  gemelli, 
Dislocation  below  the  tendon." 
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AVheii  the  rim  of  the  acetabulum  has  been  fractured,  the 
patient  must  be  confined  to  bed  with  extension  for  six  to  eight 
weelcs,  to  avoid  the  risk  of  re-dislocation.  , ,  ^ 

Changes  of  the  nature  of  chronic  arthritis  are  hable  to  occur 
in  and  around  the  joint  in  old  and  rheumatic  subjects;  and 
airophy  or  paralysis  of  muscles  may  follow,  if  their  nerves  are 

'""Sianding  Dislocations.-It  is  impossible  to  lay  down  anj^ 
time-limit  for  attempting  reduction  m  old-standing  dislocations 
of  the  hip.-     Manipulation  may  succeed  m  cases  of  some 
n  onths'  standing,  and  may  fail  when  the  bone  has  been  ou 
only  a  few  weeks.    In  certain  cases,  even  after  reduction  has 
bei  e&cted,  there  is  a  marked  tendency  to  re-displacement. 
?n  any  else,  the  attempt  does  good  by  breakmg  down  adhesions 
nrovided  no  undue  force  is  employed  such  as  may  damage  the 
sciat  c  nerve  or  vessels,  or  fracture  the  neck  of  the  femur,  and 
success  may  attend  on  a  second  or  even  a  third  attempt  at 
iitei^als  of  from  three  to  five  days.   If  manipulation  fails,  and  if 
the  deformity  is  great  and  the  usefulness  of  the  limb  seriously 

mpSed  a/attempt  may  be  made  to  effect  reduction  by  oper^v 
H^n  the  head  of  the  bone  being  excised  if  necessary;  but  it 

he  he  d  has  formed  a  new  Bocket  for  itself  and  there  is  a  fan-ly 

useful  ioint,  the  condition  should  be  left  alone. 

tn^e^al  Dislocations  of  the   Hip   are   described  with 

^  sSns'of  the  hip  are  comparatively  rare.    They  result  from 
elicits  tenderness    and  ^^e  im  b  a  y^^^^ 

of  the  joint.  •  •  other  hand,  are  not  un- 

,7  ^^ISTyf  faut"  tt  U.Un„.er.  and 
common,  ihey  are  W^^^'  ^\Ju]ite  to  some  extent  those  of 
give  rise  to  symptoms  wh.ch   u.ulaU  to  so  ^ 

fracture  of  the  neck,    ine  nmo  ^  relationship  to 

fterion.  YXXt  :^or^Ll°  The  spelling  and 

irSrpt"i;ncTtinrrSisc.Ledn,  nth. 
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bone  has  been  broken,  this  will  reveal  itself  in  the  course  of  a 
few  days  by  the  occurrence  of  shortening  and  other  evidences 
of  fracture. 

In  elderly  patients,  contusions  of  the  hip  may  be  followed  by 
changes  in  the  joint  of  the  nature  of  arthritis  deformans ;  and 
it  has  been  stated,  although  proof  is  wanting,  that  absorption 
of  the  neck  of  the  femur  sometimes  occurs.  These  injuries  are 
treated  by  rest  in  bed,  massage,  and  the  other  measures  already 
described  as  applicable  to  sprains  and  contusions. 

.i 

Fractures  of  the  Shaft  of  the  Femur 

This  group  includes  all  fractures  between  that  immediately 
below  the  trochanter  minor  and  the  supra-condylar  fracture. 

In  adults,  when  due  to  direct  violence,  the  fracture  is 
usually  transverse,  and  may  be  attended  with  comparatively 
little  displacement.  Indirect  violence,  on  the  other  hand, 
usually  produces  oblique  fractures,  which  are  frequently 
comminuted  and  often  compound.  The  break  is  most 
commonly  situated  a  little  above  the  middle  of  the  shaft,  the 
obliquity  being  downward,  forward,  and  inward,  and  of  such 
a  nature  that  the  fragments  tend  to  override  one  another 
(Fig.  205). 

The  direction  and  nature  of  the  displacement  depends  more 
upon  the  fracturing  force,  the  weight  of  the  lower  part  of  the 
limb,  and  the  action  of  the  muscles  attached  to  the  respective 
fragments,  than  upon  the  direction  of  the  obliquity.  As  a 
rule,  the  upper  fragment  is  pulled  forward  and  outward  by  the 
ilio-psoas  and  glutei  muscles,  while  the  lower  fragment  is 
displaced  upward  and  inward,  and  is  rotated  outwai^  by  the 
combined  action  of  the  longitudinal  muscles,  the  adductors,  and 
the  weight  of  the  limb.  ' 

Clinical  Features. — The  limb  is  at  once  rendered  useless 
and  there  is  great  swelling  from  effusion  of  blood  in  the  region 
of  the  fracture.  This,  together  with  the  muscularity  of^he 
part,  often  renders  an  accurate  diagnosis  as  to  the  site  and 
direction  of  the  fracture  exceedingly  difficult.  The  shortening 
varies  from  half  an  inch  to  three  or  four  inches— averaging 
about  one  inch  in  adults— and  eversion  is  always  marked'' 
Mobility  may  be  detected  and  crepitus  elicited  without 
disturbing  the  patient,  by  placing  the  hand  under  the  seat  of 
fracture  and  gently  attempting  to  raise  the  limb;  or  by  fixing 
the  upper  fragment  by  one  hand  placed  in  front  of  it  while  the 
lower  part  of  the  limb  is  carefully  lifted.    It  will  be  found 
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that  the  great  trochanter  does  not  rotate  with  the  loAver 
segment  of  the  femur.     These  tests  must  he  employed  with 

great  caution  lest  the  defor- 
mity he  increased  or  the 
fracture  rendered  com- 
pound. 

Treatment. — After  reduc- 
tion has  been  eifected  under 
an     anaesthetic,  extension 
strapping   is   applied  from 
the  ankle  to  a  point  well 
ahove  the  seat  of  the  frac- 
ture;  or,  if  the  shortening 
persists,  Steiamann's  exten- 
sion   apparatus    should  be 
employed.    The  Umb  is  then 
steadied  between  sand-bags 
and  massage  commenced.  It 
is  rarely  necessary  to  enclose 
the  thigh  in  a  ferrule  of 
Gooch  splinting  (Fig.  206), 
and  a  long  splint  can  usu- 
ally be  dispensed  with.  The 
retentive   apparatus  should 
be  worn  for   from   six  to 
eight  Aveeks,  after  which  the 
■  patient  is  allowed  up  with 
crutches,  which  he  usually 
Fig  205.— Longitudinal  section  of  Femiu-    requires  to  use  for  three  or 
showing  Recent  Fracture  of  Shaft  with    ^^^^^  -^veeks  longer,  before  he 
over-riding  of  Fragments.  ^^^^   j^j^  upon 

the  limb.    The  old  dictum  of  Ndlaton  that  the  treatment  of 


Fig  206  -Local  Uooch  Splints  applied  for  Fracture  of  Shaft  of  Fenuir. 
FIG.  20t).  ^-^J^^^  reach  to  tlie  fold  of  the  buttock. 

fracture  of  the  thigh  should  V^""^^^ .^.f/^f 
safe  working-rule.     In  fractures  below  the  middle  of 
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shaft  a  Thomas' 
up. 


gets 

Hodgen's 


knee  splint  may  be  worn  when  the  patient 


splint  is  an  efficient  and  comfortable  means  of 
treating  this  fracture. 

In  cases  of  oblique  fracture,  the  patient  should  be  warned 
that  shortening  to  the 
extent  of  from  three- 
quarters  to  one  inch 
is  liable  to  result,  how- 
ever carefully  the  treat- 
ment may  be  carried 
out.  This  does  not 
necessarily  imply  a  per- 
manent limp,  as  by  tilt- 
ing the  pelvis  he  may 
be  enabled  to  walk  quite 
well ;  if  this  is  not  suffi- 
cient to  equalise  the 
length  of  the  limbs,  the 
sole  of  the  boot  may  be 
raised. 

In  many  fractures  of 
the  thigh,  and  especially 
in  those  produced  by 
indirect  violence,  the 
knee  is  sprained,  and 
there  is  a  considerable 
effusion  into  the  joint, 
and  this  may  lead  to 
stiffness  unless  massage 
has  been  employed  from 
the  outset. 

Union  may  be  ex- 
ceedingly slow  in  frac- 
ture of  the  femur,  and 
may  even  be  delayed 

for  months.  Mal-union  sometimes  occurs,  the  fracture  uniting 
with  an  angular  deformity  outward  and  forward. 

Re-fracture  is  very  liable  to  occur  if  the  patient  falls  or 
twists  the  hrab  within  a  few  months  of  the  original  injury. 

Oppvaiim  treatnipM  is  sometimes  called  for  when  simpler 
measures  fail  to  reduce  the  displacement,  and  in  cases  of 
tm-united  fracture  or  of  vicious  union.  The  incision,  which 
must  be  free,  is  preferably  placed  in  the  line  of  the  external 


Fig.  207.— Fracture  of  Thigh  treated 
by  Vertical  Extension. 
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intermuscular  septum;  the  periosteum  is  interfered  with  as 
little  as  possible ;  and  the  ends  of  the  bones  are  plated,  pegged, 
or  wired  according  to  circumstances.  The  after-treatment  is 
carried  out  on  the  same  lines  as  for  simple  fracture,  but  the 
retentive  apparatus  must  be  Avorn  for  a  considerably  longer 

^^Fracture  of  the  Femur  in  Children.— In  children,  especially 
below  the  age  of  ten,  this  fracture  is  quite  common.  It  is 
often  of  the  greenstick  variety,  or,  if  complete,  is  transverse 
and  subperiosteal,  and  as  it  is  accompanied  by  few  symptoms 
and  but  little  deformity,  is  liable  to  be  overlooked. 

When  there  is  displacement,  the  deformity  is  simdar  to  that 
in  adults,  and  the  treatment  is  carried  out  on  the  same  lines. 

In  young  children  the  nursing  is  greatly  facilitated  by  apply- 
incr  vertical  extension  to  both  lower  extremities  (Fig.  ^0  / ).  ii 
the  fracture  is  transverse  and  shows  little  tendency  to  displace- 
ment, the  local  Gooch  splints  may  be  dispensed  with ;  m  anj 
case,  massage  should  be  employed  from  the  first. 

The  patient  may  be  allowed  out  of  bed  m  from  three  to  four 
weeks,  wearing  a  retentive  apparatus.  ^,7V,.^^„ 
The  shaft  of  the  femur  is  sometimes  fractured  during  dehzery 
particularly  in  breech  cases.  The  sunplest  and  ^ost^mcrent 
means  of  controlling  the  fracture  is  ^7  extension  st  apm 
fixed  to  the  lower  end  of  a  Thomas'  knee  splint  (Robert 
Jones). 
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INJUEIES  IN  THE  REGION  OF  THE  KNEE 
AND  LEG 

Surgical  Anatomy — Fractures  of  Lower  End  of  Femur  :  S^qira- 
condylar  ;  T-  or  Y  -shaped ;  Separation  of  epiphysis  ;  Either  condyle 
— Fractures  of  Upper  End  of  Tibia  :  Of  head ;  Separation  of 
epiphysis ;  Avulsion  of  tubercle  of  tibia — Dislocations  of  Knee  : 
Dislocations  of  siqnrior  tibio-fibular  joint — Internal  Derange- 
ments OF  Knee — Injuries  of  Patella:  Fractures;  Dislocations — 
Injuries  of  Leg:  Fracture  of  both  bones;  Fracture  of  tibia  alone ; 
Fracture  of  fibula  alone. 

Injuries  in  the  region  of  the  Knee 

These  include  the  supra-condylar  fracture  of  the  femur,  the 
T-  or  Y-shaped  fracture  opening  into  the  joint,  separation  of 
the  lower  femoral  epiphysis ;  fracture  of  the  head  of  the  tibia, 
and  separation  of  its  upper  epiphysis ;  the  various  sprains  and 
dislocations  of  the  knee,  as  well  as  its  internal  derangements  ; 
and  fractures  and  dislocations  of  the  patella. 

Surgical  Anatomy. — Of  the  two  condyles  the  internal  is  the  more 
prominent  and  palpable.  The  adductor  tubercle,  which  is  situated 
on  the  upper  and  back  part  of  the  internal  condyle,  gives  attachment 
to  tlie  round  tendon  of  the  adductor  magnus,  and  marks  the  level  of 
the  epiphysial  line  and  of  the  upper  limit  of  the  trochlear  surface  of  the 
femur.  Between  the  internal  condyle  and  the  inner  tuberosity  of  the 
tibia,  when  the  limb  is  in  the  flexed  position,  the  line  of  the  joint  can  be 
recognised  as  a  groove  or  cleft,  and  this  is  made  use  of  in  measuring  the 
length  of  the  tibia.  The  outer  tuberosity  of  the  tibia  can  also  be 
palpated,  and  must  not  be  mistaken  for  the  head  of  the  fibula,  which 
lies  fartlier  back  and  at  a  slightly  lower  level,  and  can  readily  be 
identified  by  tracing  to  it  the  tendon  of  the  biceps.  The  tubercle  of 
the  tibia,  into  which  the  quadriceps  extensor  tendon  is  inserted,  lies  on 
the  same  level  as  the  head  of  the  fibula.  In  the  extended  position  of  tlie 
Iinib,  the  patella  is  loose  and  movable  on  the  front  of  the  trochlear 
surface  of  the  femur,  while  in  the  flexed  position  it  sinks  between  the 
condyles,  resting  chiefly  on  the  outer  one  and  becoming  lixed. 

The  popliteal  artery  and  vein  and  the  internal  poi)liteal  nerve  lie  in 

683 
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close  relation  to  the  posterior  aspect  of  the  joint ;  and  the  external 
popliteal  nerve  passes  behind  and  to  the  inner  side  of  the  biceps  tendon. 

The  knee  is  an  example  of  a  joint  which  depends  for  its  strength 
chiefly  on  its  ligaments.  Not  only  are  the  external  and  internal  lateral 
ligaments  and  the  posterior  part  of  the  capsular  ligament  particularly 
strong,  but  the  crucial  ligaments  and  the  semilunar  cartilages  inside  the 
cavity  of  the  joint,  further  add  to  its  stability.  The  powerful  tendon  of 
the  quadriceps  extensor  muscle,  in  which  the  patella  i.s  developed  as  a 
sesamoid  bone,  protects  and  strengthens  the  front  of  the  joint. 

The  synovial  cavity  extents  from  the  level  of  the  head  of  the  tibia 
to  an  inch  or  more  above  the- trochlear  surface  of  the  femur,  passing 


Fig.  203.— Section  of  Knee-Joint  showing  extent  of  Synovial  Cavity. 
O,  Pre-patellar  bursa,    h,  lufra-patellav  bursa,    c,  Ligamentum  mucosum.   (i,  I-iga- 
nSm  patelte.    e,  Posterior  crucialliganient.  /,  Internal  semilunar  cartilage. 

(After  Braurie.) 

slightly  higher  on  the  inner  aspect  of  the  joint  than  on  the  outer 
(ifg.  208).  The  large  bursa  between  the  quadriceps  muscle  and  t  e 
\emnv  {sub-cmral  bursa)  generally  communicates  with  the  e'lvity  ot  ti  e 
joint.  The  synovial  cavity  of  the  superior  tibio-fibular  •'articulation  is 
usually  distinct  from  that  of  the  knee-joint,  but  may  communicate  ^Mtll 
it  through  the  popliteal  bursa. 
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A  large  bursa  {prepatellar)  lies  over  the  lower  part  of  the  patella  and 
upper  part  of  the  Hgamentum  j)atelln2 ;  and  a  smaller  one  separates  the 
ligamentum  patellas  from  the  tubercle  of  the  tibia.  Several  important 
bursfp.  are  found  in  the  popliteal  space,  one  of  which — the  semi-mera- 
brauosus  bursa — sometimes  communicates  with  the  knee-joint. 


Fractures  of  the  Lower  End  of  the  Femur 

Fractures  involving  the  lower  end  of  the  femur,  especially 
the  supra-condylar  and  T-shaped  fractures,  are  always  to  he 
looked  upon  as  serious  injuries,  on  account  of  the  difficulties 
attending  their  treatment,  and  the  risk  of  impairment  of  the 
usefulness  of  the  knee. 

Supra-condylar  fracture  is  usually  the  result  of  a  fall  on 
the  feet  or  knees,  or  of  direct  violence,  and  is  most  common 
in  adults.  The  line  of  fracture  is  generally  irregularly 
transverse,  or  it  may  be  slightly  oblique  from  above  down- 
wards and  forwards,  so  that  the  upper  fragment  passes  forward 
towards  the  patella,  while  the  lower  is  rotated  backward  on 
its  transverse  axis  by  the  gastrocnemius  muscle. 

Clinical  Features. — Soon  after  the  accident  a  copious  eflPusion 
of  serum  takes  place  into  the  cavity  of  the  knee-joint,  adding 
to  the  swelling  caused  by  the  displaced  bones,  and  rendering 
it  difficult  to  recognise  the  precise  nature  of  the  lesion.  As 
it  is  important  to  make  an  accurate  diagnosis,  a  general 
an£esthetic  should  be  given  when  necessary  for  this  purpose, 
and,  if  possible,  the  X-rays  should  be  employed. 

The  upper  end  of  the  lower  fragment  is  usually  palpable  in 
the  popliteal  space,  while  the  upper  fragment  is  unduly 
prominent  in  front.  By  flexing  the  knee  the  fragments  may 
be  brought  into  apposition  and  crepitus  elicited.  In  oblique 
fractures,  the  pointed  lower  end  of  the  upper  fragment  may 
transfix  the  quadriceps  extensor  muscle  and  may  be  felt  under 
the  skin,  or  it  may  perforate  the  skin  and  thus  render  the 
fracture  compound.  It  should  be  disengaged  by  fully  flexin^^ 
and  making  traction  on  the  knee.  The  thigh  is  shortened  to 
the  extent  of  from  a  half  to  one  inch. 

The  popliteal  vessels  lie  so  close  to  the  bone  that  they  are 
liable  to  be  torn  by  the  displaced  lower  fragment,  giving  rise 
to  the  usual  signs  of  ruptured  artery.  Sometimes,  owing  to  the 
teeble  state  of  the  circulation  from  shock,  the  bleeding  does 
not  take  place  at  the  time  of  the  accident,  but  ensues  some 
hours  later.  The  vessels  may  merely  be  pressed  upon  by  the 
displaced  bone,  and  the  limb  beyond  become  congested  and 
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oedematous.     There  may  also  be  injurious  pressure  on  the 
nerves. 

Treatment. — The  small  size  of  the  lower  fragment,  its  depth 
from  the  surface,  and  the  accompanying  effusion  into  and 
around  the  joint,  render  its  control  very  difficult.  In  the 
majority  of  cases  the  two  fragments  can  only  be  brought  into 
apposition  when  the  knee  is  flexed  on  the  thigh  and  the  thigh 
on  the  pelvis,  and  it  is  almost  always  necessary  to  carry  out 
the  reduction  under  anaesthesia. 

In  the  few  cases  in  which  the  fragments  can  be  accurately 
approximated  in  the  extended  position  of  the  limb,  retention 
may  be  effected  by  means  of  a  box-splint  reaching  well  up  the 
thigh  (p.  608). 

In  the  majority,  however,  flexion  is  necessary,  and  the  limb 
must  be  fixed  on  a  double-inclined  plane,  so  constructed  that 
the  angle  of  flexion  can  be  adjusted  to  meet  the  requirements 
of  the  individual  case  (Fig.  201).  If  extension  is  necessary,  the 
difficulty  may  be  got  over  by  transfixing  the  condyles  with 
steel  pins,  and   attaching   the   apparatus  directly  to  these 

(Steinmann).  ,    •    ,     r  j 

Hodgen's  splint,  bent  nearly  to  a  right  angle,  is  also  found 
useful  in  the  treatment  of  these  injuries. 

A  careful  watch  must  be  kept  on  the  circulation  of  the  limb 
during  the  first  few  days,  lest  it  be  interfered  with  by  the 
pressure  of  the  apparatus.  . 

In  a  considerable  number  of  cases  these  means  of  retain- 
ing the  fragments  in  apposition  prove  inefi"ectual,  and  it  is 
necessary  to  have  recourse  to  operative  measures,  mechamc- 
ally  securing  the  fragments  by  nails,  screws,  or  wire  sutures. 
Such  operations  entail  opening  the  cavity  of  the  joint  and 
should  septic  infection  take  place  it  may  prove  disastrous. 
Division  of  the  tendo  Achillis  is  not  to  be  recommended 
as  a  means  of  combating  the  backward  tilting  of  the  lower 

^'traU^cases  the  retentive  apparatus  must  be  worn  for  about 
six  or  eight  weeks,  but  massage  and  movement  should  be 
employed  as  soon  as  possible,  as  persistent  stiffi^«^^%°\ 
knee   is  one   of   the   most   troublesome   sequela?  of  these 

'"compound  and  complicated  fractures  are  dealt  ^^ith  on  the 
general  principles  governing  the  treatment  of  ""^ 
Amputation  may  become  necessary  should  g-"f  «"^^f;;Xiteu 
injury  to  the  popliteal  vessels,  or  if  septic  complications  threaten 
the  life  of  the  patient. 


FRACTURES  OF  LOWER  END  OF  FEMUR  587 

Operative  interference  may  be  called  for  to  rectify  de- 
formities resulting  from  mal-union. 

The  T-  or  Y-shaped  fracture  is,  as  a  rule,  produced  by 
direct  violence,  the  force  first  breaking  the  bone  above  the 


.  209.— Radiogram  of  Separatiou  of  Lower  Epiphysis  of  Femur  ; 
pressure  on  popliteal  vessels  caused  sloughing  of  calf. 


condyles,  and  then  causing  the  upper  fragment  to  penetrate 
the  lower  and  split  it  up  into  two  or  more  pieces.  The 
fracture  implicates  the  articular  surface,  and  the  main  fissure 
IS  usually  through  the  inter-condylar  notch;  the  lower  end  of 
the  bone  is  sometimes  severely  comminuted. 
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The  knee  is  broadened,  and  pain  and  crepitus  are  readily- 
elicited  on  moving  the  condyles  upon  one  another,  or  on 
pressing  them  together.  On  moving  the  patella  transversely, 
it  may  be  felt  to  hitch  against  the  edge  of  one  or  other  of  the 
fragments.  The  shortening  may  amount  to  one  or  two  inches. 
The  treatment  is  carried  out  on  the  same  general  lines  as  in 
supra-condylar  fracture,  but  as  the  joint  is  implicated  there  is  . 
greater  risk  of  subsequent  impairment  of  its  functions. 

Separation  of  the  lower  epiphysis  is 
a  comparatively  common  injury.  It  is 
seldom  pure,  a  portion  of  the  diaphysis 
usually  being  broken  off  and  remaining 
attached  to  the  epiphysis.  It  occurs  ■ 
usually  in  boys  between  the  ages  of 
thirteen  and  eighteen,  from  severe 
violence  such  as  results  from  the  limb 
being  caught  between  the  spokes  of  a 
revolving  wheel,  or  from  hyper-extension 
of  the  knee.  It  has  also  been  pro- 
duced in  attempting  forcibly  to  rectify 
knock-knee  and  other  deformities  in 
this  region,  and  in  making  traction  on 
the  limb  to  correct  deformities  following 
recovery  from  tuberculous  disease  of  the 
knee.  As  a  rule,  there  is  little  dis- 
placement of  the  loose  epiphysis,  but 
it  may  pass  in  any  direction,  forward 
being  much  the  most  common  (Fig. 
209),  and  when  displaced  it  is  difficult 
to  reduce  and  to  maintain  in  position. 
The  age  of  the  patient,  the  mode  of 
iniury,  the  finding  of  the  smooth  broad  end  of  the  diaphysis 
in  the  popliteal  space,  or  on  the  front  of  the  thigh,  accordmg 
to  the  displacement,  usually  serve  to  establish  the  diagnosis. 
The  X-rays  afford  reliable  information  as  to  the  position  of  the 

fragments.  j  i     r  4.„„« 

The  treatment  is  the  same  as  for  supra-condylar  fracture. 
After  an  epiphysial  separation,  the  growth  of  the  limb  is 
sometimes,  although  not  always,  interfered  with. 

Either  condyle  may  be  broken  off  without  the  contmui  y 
of  the  shaft  being  interrupted,  by  a  direct  blow  or  fall  on  tl  e 
knee,  or  by  violent  twisting  of  the  leg.  The  separated  condj^e 
may  not  be  displaced,  or  it  may  be  pushed  upwards  or  rotated 
on  its  transverse  axis. 


Fig.  210. — Fracture  of 
Internal  Condyle. 
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There  is  broadening  of  the  knee  but  no  shortening  of  the 
thigh,  and  the  ecchymosis,  crei^itus,  and  pain  are  localised  to 
the  affected  side  of  the  joint.  The  knee  can  usually  be  moved 
towards  the  injured  side  in  a  way  that  is  characteristic. 

If  there  is  difficulty  in  replacing  the  broken  condyle  and 
maintaining  it  in  position,  it  may  be  fixed  by  means  of  a  steel 
nail  inserted  through  the  skin. 


Fractures  of  the  Upper  End  op  the  Tibia 


Fracture  of  the  head  of  the  tibia  is  a  comparatively  rare 
injury.  It  may  result  from  a  direct  blow,  such  as  the  kick  of  a 
horse,  or  from  indirect  forms  of  violence, 
and  the  line  of  fracture  may  be  transverse 
or  oblique.  Occasionally  the  lower  frag- 
ment is  impacted  into  the  upper  and 
comminutes  it.  Transverse  fracture  of 
the  head  of  the  fibula  sometimes  accom- 
panies fracture  of  the  head  of  the  tibia, 
and  there  is  always  considerable  effusion 
into  the  knee-joint.  One  or  other  of 
the  tuberosities  may  be  chipped  off  by 
forcible  adduction  or  abduction  at  the 
knee. 

The  ordinary  clinical  features  of 
fracture  are  well  marked,  and  the  diag- 
nosis is  easy.  From  some  unexplained 
cause  this  fracture  may  take  a  very 
long  time,  sometimes  several  months, 
to  consolidate. 

Separation  of  the  upper  epiphysis 
of  the  tibia,  which  includes  the  tongue- 
like process  for  the  tubercle  and  the  211  -Separation  f 
facet  for  the  fibula,  is  also  rare  (Fig.  Upper  EpipliysLs  of  Til)^ 
211).  It  usually  occurs  between  the  i»  «■  W  :st.  15. 
ages  of  three  and  nine.  The  displace- 
ment of  the  epiphysis  is  almost  always  forward  or  lateral,  and 
19  accompanied  by  the  usual  signs  of  such  lesions.  The  ^rowth 
of  the  hmb  IS  sometimes  arrested,  and  shortening  and  angular 
deformity  may  result  (Fig.  213). 

Trent merit.—Ahav  reduction  under  an  anaesthetic,  these  frac- 
tures are  usually  satisfactorily  treated  in  a  bo.\-spIint  (Fig.  223), 
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carried  sufficiently  high  to  control  the  knee-joint.  When 
the  head  of  the  tibia  is  comminuted,  light  weight-extension — 
three  or  four  pounds — should  be  used.  Massage  and  move- 
ment are  commenced  from  the  outset,  and  at  the  end  of  a  fort- 
night the  patient  is  allowed  up  with  crutches,  wearing  a 
moulded  poroplastic  splint. 

Avulsion  of  the  tubercle  of  the  tibia  occasionally  occurs  in 
youths,  from  violent  contraction  of   the  quadriceps — as  in 


Fig.  212.— Radiogram  illustratiug  Schlatter's  disease. 
(Mr.  W.  J.  Stuart's  case.) 

iumpina.  The  limb  is  at  once  rendered  powerless ;  the  osseous 
nodule  can  be  felt,  and  on  moving  it  crepitus  is  elicited. 

This  is  best  treated  by  pegging  the  tubercle  in  position 
and  fixing  the  extended  limb  on  an  inchned  plane  to  relax 
the  quadriceps  muscle.  ,  , 

Iix  young,  athletic  subjects,  the  tongne-like  P^^f  ^  « 
epiphysis  (Fig.  211),  into  which  the  ligamentum  patellae  is  m 
termay  be  paA'ly  or  completely  torn  away,  giving  ise 
to  localised  swelling,  and  pain  which   ^«^^^gf '-^i^-^,  f  J/t 
muscular  eSovt-Schlatter's  disease  (Fig.  212).    The  tieatmenc 
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consists  in  rest  in  bed  and  massage,  but  the  symptoms  are  slow 
to  disappear,  and  may  persist  for  from  six  to  twelve  months. 

The  condition  is  liable  to  be  mistaken  for  some  chronic 
inflammatory  condition  of  the  bone,  such  as  tubercle,  unless 
an  X-ray  examination  is  made. 

The  upper  end  of  the  fibula  is  seldom  broken  alone.  The 


Fig.  213. — Separation  and  Displacement  of  Upper  Epiphysis 
of  Tibia  of  old  standing. 

chief  clinical  interest  of  this  fracture  lies  in  the  fact  that  it 
may  implicate  the  external  popliteal  nerve,  and  cause  drop-foot. 

Dislocations  of  the  Knee 

Dislocation  of  the  knee  is  a  rare  injury,  and  occurs  as  a 
result  of  extreme  degrees  of  violence,  especially  of  a  wreuchiuf^ 
or  twisting  character.  ° 

Rupture  of  the  popliteal  vessels,  or  pressure  exerted  on  them 
by  the  displaced  bones,  may  lead  to  gangrene  of  tlie  limb,  and 
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necessitate  amputation.  The  external  popliteal  nerve  is  fre- 
quently damaged.  When  the  lesion  is  compound,  also,  ampu- 
tation may  become  necessary  on  account  of  septic  complica- 
tions. 

The  varieties  of  dislocation  are  named  in  terms  of  the 
direction  in  which,  the  tibia  passes  :  forward,  backward,  inward, 
and  outward. 

Dislocation  forward  is  the  most  common  variety,  and  results 
from  sudden  hyper-extension  of  the  knee,  tearing  the  lateral 
and  crucial  ligaments.  The  leg  remains  fully  extended,  and 
lies  on  a  plane  anterior  to  that  of  the  thigh.  The  condyles  are 
distinctly  palpable  posteriorly,  and  tbe  skin  is  tightly  stretched 
over  them,  or  may  even  be  torn,  rendering  the  dislocation  com- 
pound. The  patella  is  projected  forward,  the  quadriceps 
tendon  is  lax,  and  the  skin  over  it  is  thrown  into  transverse 
folds.    The  limb  is  shortened  by  two  or  three  inches. 

Dislocation  backward  is  usually  due  to  a  direct  blow  driving 
one  of  the  bones  past  the  other.  The  leg  remains  hyper- 
extended,  the  head  of  the  tibia  occupies  the  popliteal  space, 
while  the  lower  end  of  the  femur  projects  forward  with  the 
patella  either  in  front  or  to  one  side  of  it. 

The  lateral  dislocations  are  generally  incomplete,  and  are 
liable  to  be  mistaken  for  separation  of  the  lower  epiphysis  of 
the  femur.  When  the  tibia  passes  inwards,  the  outer  condyle 
of  the  femur  forms  a  prominence,  and  there  is  a  depression 
below  it.  The  head  of  the  tibia  projects  on  the  inner  side,  and 
over  the  inner  condyle  is  a  depression. 

When  the  tibia  is  displaced  outwards,  the  relative  position 
of  the  prominences  and  depressions  is  reversed. 

Treatme7it. — In  dislocations  of  the  knee  no  special  manipula- 
tions are  necessary  to  restore  the  displaced  bone  to  its  place, 
and  reduction  is  not  accompanied  by  a  distinct  snap. 

If,  while  the  patient  is  fully  anaesthetised,  traction  is  made 
on  the  leg  and  counter-traction  on  the  thigh  with  the  knee  m 
the  flexed  position,  the  bones  can  usually  be  replaced  by 
manipulation. 

After  reduction  has  been  efi'ected,  in  antero-postenor  dis- 
locations, the  limb  should  be  flexed  and  placed  on  a  piljojv, 
massage  and  movement  being  employed  from  the  first.  The 
patient  is  usually  able  to  walk  about  within  a  month. 

In  lateral  dislocations  there  is  at  first  considerable  tendency 
to  re-displacement,  and  it  is  therefore  necessary  to  secure  the 
joint  in  a  box-splint,  specially  padded,  for  about  fourteen  days, 
massage  being  employed  from  the  first,  and  movement  com- 
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meuced  when  the  splint  is  removed.  It  is  usually  about  six 
weeks  before  the  patient  can  use  the  limb  with  freedom. 

In  compound  dislocations,  and  in  those  complicated  by  injury 
to  the  popliteal  vessels,  the  question  of  amputation  may  have  to 
be  considered. 

Dislocation  of  the  Superior  Tibio-Fibular  Articulation. — 

This  joint  may  be  dislocated  by  twisting  forms  of  violence 
applied  to  the  foot  or  leg,  or  by  forcible  contraction  of  the 
biceps  muscle.  The  displacement  may  be  forward  or  backward, 
and  the  head  of  the  fibula  can  be  felt  in  its  new  position  with 
the  prominent  tendon  of  the  biceps  attached  to  it.  The 
movements  of  the  knee  are  quite  free,  but  the  patient  is 
unable  to  walk  on  account  of  pain.  Reduction  and  retention 
are,  as  a  rule,  easy,  and  the  ultimate  result  satisfactory.  We 
have  frequently  met  with  this  injury  accompanying  compound 
fractures  of  both  bones  of  the  leg  resulting  from  railway  and 
similar  accidents. 

By  applying  direct  pressure  over  the  displaced  bone  with 
the  knee  flexed,  the  dislocation  is  easily  reduced.  It  is  kept 
in  position  by  a  firm  bandage,  or  a  light  rigid  splint. 

Total  Dislocation  of  Fibula.— Very  rarely  the  fibula  is 
separated  from  the  tibia  at  both  ends  and  displaced  upwards. 
Bennett  of  Dublin  has  pointed  out  that  in  some  persons  the 
upper  end  of  the  fibula  does  not  reach  the  facet  on  the  tibia 
— a  condition  which  might  be  mistaken  for  a  dislocation. 


Injuries  of  the  Semilunar  Cartilages 

The  semilunar  cartilages  are  tM'o  crescentic  plates  of  white 
fibro-cartilage,  which  lie  upon  the  upper  end  of  the  tibia  and 
serve  to  deepen  the  articular  surface  for  the  condyles  of  the 
femur.  Each  cartilage  is  firmly  attached  to  the  tibia  by  its 
anterior  and  posterior  ends,  and,  through  the  medium  of  the 
coronary  ligaments,  is  loosely  attached  along  its  i^eripheral 
convex  edge  to  the  head  of  the  tibia,  the  internal  cartilage  bein<^ 
connected  also  to  the  capsular  ligament  of  the  joint.  The 
tendon  of  the  popliteus  muscle  intervenes  between  the  external 
cartilage  and  the  capsule.  The  central,  concave  edges  of  the 
cartilage  are  thiii  and  unattached. 

The  cartilages  enjoy  a  limited  range  of  movement  within 
the_  joint,  passing  backwards  during  flexion,  and  forwards 
again  when  the  limb  is  extended.  While  the  limb  is  partly 
flexed,  a  slight  degree  of  rotation  of  the  leg  at  the  knee  is 

VOL.  I. — 38 
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possible,  and  during  this  movement  the  cartilages  glide  from  , 
side  to  side,  and  the  tibia  rotates  below  the  cartilages. 

Any  abnormal  laxity  of  the  ligaments  of  the  joint  may  render 
the  cartilages  unduly  mobile,  so  that  they  are  liable  to  be 
displaced  from  comparatively  slight  causes,  and  when  so 
displaced  it  is  not  uncommon  for  one  or  other  of  the  cartilages 
to  be  torn  by  being  nipped  between  the  femur  and  the  tibia 
It  is  convenient  to  consider  these  "internal  derangements  of 
the  knee-joint"  separately,  according  to  whether  the  cartilage 
is  merely  abnormally  mobile,  or  is  actually  lacerated. 

Mobile  Cartilage— Displacement  of  Internal  Semilunar 
Cartilage  (Fig.  214).— The  internal  semilunar  cartilage  ex- 


Fia.  214.-Diagram  of  Displacement  of  Rifl*  Internal  Semilunar  Cartilage 
^        towards  the  Centre  ol  the  J omt. 

hibits  undue  mobUity  much  more  frequently  than  the  external, 
and  the  condition  is  usually  met  with  m  adult  males  who 
engage  mu  S  in  athletics,  or 'who  follow  an  employment  which 
Sails  working  in  a  kneeling  or  ^^-^^ing  posi  ion  or  ong 
periods  with  the  toes  turned  outwards-for  example  coai 

11  sudden  movement  whieh  -mbines  fle.>on  ^^'^^^ 
rapidly  and  pushing  off  with  the  foot,  m  the  cour.e 
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game  such  as  football  or  tennis.  It  may  occur  also  from 
tripping  on  a  loose  stone  or  slipping  off  the  kerbstone. 

What  actually  happens  when  the  cartilage  is  displaced  would 
appear  to  be,  that  the  combined  flexion  and  abduction  of  the 
knee  opens  up  the  inner  side  of  the  joint  by  separating  the 
mternal  condyle  from  the  inner  tuberosity  of  the  tibia,  and 
that  the  internal  cartilage  in  its  movement  backward  during 
flexion  slips  under  the  condyle  and  is  caught  between  it  and 
the  tibia.  It  may  even  slip  past  the  condyle  and  into  the 
intercondyloid  notch,  and  come  to  lie  against  the  crucial 
ligaments. 

The  mechanism  by  which  this  lesion  is  produced  doubtless 
explains  the  greater  frequency  with  which  the  left  knee  is 
affected,  as  most  sudden  movements  are  made  from  right  to  left, 
thus  throwing  the  strain  upon  the  left  knee. 

Clinical  Features.— Wh.&n  seen  immediately  after  the  accident, 
the  patient  will  usually  give  the  history  that  while  making  a 
sudden  movement,  he  was  seized  with  an  intense  sickening 
pam  in  the  knee,  accompanied,  it  may  be,  by  a  sensation  of 
something  giving  way  with  a  distinct  crack,  and  followed  by 
locking  of  the  joint.  He  may  fall  to  the  ground  and  be 
unable  to  rise  again.  On  examination,  the  knee  is  found  to 
be  fixed  in  a  slightly  flexed  position ;  and  while  the  surgeon 
may  be  able  to  carry  out  movements  of  flexion  to  a  consider- 
able  extent  without  increasing  the  pain,  any  attempt  to  extend 
the  joint  completely  is  extremely  painful.  Tenderness  may  be 
elicited  on  makmg  pressure  to  the  inner  side  of  the  ligamentum 
patelte  in  the  groove  between  the  femur  and  the  tibia  but 
the  cartilage  cannot  be  recognised  by  palpation.  Considerable 
effusion  rapidly  takes  place  into  the  synovial  cavity. 
_  The  condition  is  liable  to  be  mistaken  for  a  sprain  of  the 
joint,  particularly  if  the  internal  lateral  ligament  is  implicated. 

Treatment.-To  reduce  the  displacement,  the  patient  is 
placed  on  a  couch  and,  after  the  knee  is  fully  flexed,  the  le- 
IS  rotated  outward  and  abducted,  to  separate  the  internal 
condyle  from  the  tibia,  and  while  the  rotation  and  abduction 
are  maintained  the  leg  is  quickly  extended.  The  return  of  the 
cartilage  to  its  place  is  sometimes  attended  with  a  distinct 
snap,  but  in  other  cases  reduction  is  only  recognised  to  have 

t^  bnJ         ^  ^^^^  f"l'y  ^^^tended 

without  causing  pam. 

Alternate  flexion  and  extension  combined  with  rotatorv 
movements  is  sometimes  successful.  Several  attempts  are 
often  necessary,  and  a  general  auissthetic  may  be  cal  ed  iov 
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After  reduction,  the  limb  is  fixed  witli  sand-bag.s,  and  massage 
and  movement  are  employed  to  get  rid  of  effusion  as  rapidly  as 
possible,  great  care  being  taken  that  no  rotatory  movement  is 
permitted  at  the  knee.  Rest  and  support  are  necessary  to  allow 
■of  repair  of  the  torn  ligaments,  and  when  the  patient  begins  to 
use  the  joint  he  must  be  careful  to  avoid  movements  which 
throw  strain  on  the  ligaments  that  were  damaged. 

In  a  considerable  proportion  of  cases  so  treated  no  recurrence 
takes  place,  and  in  the  course  of  a  month  or  two  the  patient 
is  able  to  resume  an  active  life  with  a  perfectly  useful  joint. 
In  other  cases  there  is  a  tendency  to  recurrent  displacement. 

Recurrent  Displacement.— In  cases  of  recurrent  displace- 
ment, each  attack  is  accompanied  by  symptoms  similar  m  kind 
to  those  above  described,  but  less  severe,  and  the_  patient 
iisually  learns  to  carry  out  some  manipulation  by  which  he  is 
able  to  return  the  cartilage  into  position.  He  seeks  advice 
with  a  view  to  having  something  done  to  prevent  displacement 
•occurring,  and  to  restore  the  stability  of  the  joint  which,  in 
many  Jses,  is  impaired,  preventing  him  following  his  occupa- 
tion There  is  reason  to  believe  that  a  persistently  mobile 
.cartilage  may  be  the  starting-point  of  tuberculosis  of  the  joint, 
or  of  arthritis  deformans  (Robert  Jones,  Arbuthnot  Lane). 

The  symptoms  closely  resemble  those  of  a  pedunculated 
"  loose  body,"  and  it  is  often  difficult  to  differentiate  between 
them  In  the  case  of  a  body  free  in  the  cavity  of  the  joint 
the  site  of  the  pain  may  vary  in  different  attacks,  and  the  body 
can  sometimes  be  palpated  Loose  bodies  wholly  or  partly 
oomDOsed  of  bone  may  be  identified  with  the  X-rays. 

Xmpts  may  be  made  to  retain  the  cartilage  in  position  by 
i3ads  b^ndac^es,  or  other  forms  of  apparatus,  so  arranged  as 
to  ieve  t  rot;tion  and  lateral  movement  at  the  knee  In 
IL  mirrity  of  cases,  however,  the  best  results  are  obtamed. 
by  opening  the  joint  'and  excising  the  cartilage  m  whole  or  m 

^^^^h:^Si^fi~a  spimt  untU  the  wound  has  healed 
Xl.^  massage  ^1^1^^^^%^:^^ 
'"j-eT^  XXp  wear  n  r^^^^^^^  Inmostcases 
fl^'l  of  S^^^  is  completely  regained  in  from  four  to  six 
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cases  of  displaced  cartilage  in  which  the  condition  assumes  the 
recurrent  type,  it  is  found,  on  opening  the  joint,  that,  in 
addition  to  being  unduly  mobile,  the  cartilage  is  torn  or 
lacerated.  The  experience  of  different  surgeons  varies  regard- 
ing the  nature  of  the  laceration.  In  our  experience  the  most 
common  form  is  a  longitudinal  split,  whereby  a  portion  of 
the  inner  edge  of  the  cartilage  is  separated  from  the  rest  and 
projects  a,^  a  tag  towards  the  cavity  of  the  joint  (Fig.  215). 
As  a  rule,  it  is  the  anterior  end  which  is  torn,  less  frequently 
the  posterior  end.  Sometimes  the  cartilage  is  split  from  end 
to  end,  the  outer  crescent  reniaining  in  position,  while  the 
inner  crescent  passes  in  between  the  condyles  and  lies  curled 


Fig.  215.— Diagram  of  Longitudinal  Tear  of  Posterior  End  of  Eio-ht 
Internal  Semilunar  Cartilage,  ° 

up  against  the  crucial  ligaments.  Occasionally  the  anterior 
end  IS  torn  from  its  attachment  to  the  tibia,  less  frequently  the 
posterior  end  In  one  case  we  found  the  cartilage  separated  at 
botti  ends  and  lying  between  the  bones  and  the  capsule. 

ihe  chmcal  features  are  similar  to  those  of  mobile  cartilage 
with  displacement,  and  as  a  rule  the  exact  nature  of  the  lesion 
IS  only  discovered  after  opening  the  joint. 

The  treatment  consists  in  excising  the  loose  tag  or  the  whole 
cartilage  according  to  circumstances.  It  is  not  advisable  to 
attempt  to  stitch  the  torn  portion  in  position. 

Rupture  of  the  Crucial  Ligaments.-A  few  cases  have  been 
lecorded  in  which  as  a  result  of  severe  twisting  forms  of 
^tZ'  lig^^ents  have  been  torn  from  thei 

attachments,  leaving  the  joint  loose  and  unstable,  so  that  the 
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tibia  and  the  femur  could  be  moved  laterally  on  one  another. 
When  the  disability  persists,  the  joint  may  be  opened  and  the 
ligaments  sutured  in  position  (Mayo  Robson). 

Sprains  of  the  knee  are  comparatively  common  as  a  result 
of  sudden  twisting  or  wrenching  of  the  joint.  In  addition  to 
the  stretching  or  tearing  of  the  ligaments,  there  is  usually  a 
considerable  effusion  of  fluid  into  the  synovial  cavity,  and 
examination  with  the  X-rays  occasionally  reveals  that  a  portion 
of  bone  has  been  torn  away  with  the  ligament— sjjrain-fradure. 
The  swelling  fills  up  the  hollows  on  either  side  of  the  patella, 
and  extends  for  some  distance  in  the  synovial  pouch  under- 
neath the  quadriceps.  The  patella  is  raised  from  the  front  of 
the  femur  by  the  collection  of  fluid  in  the  joint— "  floating 
patella  "—and,  if  flrmly  pressed  upon,  it  may  be  made  to  rap 
against  the  trochlear  surface. 

A  sprain  is  to  be  diagnosed  from  separation  of  one  or  other 
of  the  adjacent  epiphyses,  fractures  involving  the  articular  ends 
of  the  bones,  and  displacement  of  the  semilunar  cartilages.  Un  • 
account  of  the  swelling,  which  obscures  the  outhne  of  the  part, 
the  differential  diagnosis  is  often  difficult,  but  as  the  swelling 
cToes  down  under  massage  it  becomes  easier.  Chief  reliance 
fs  to  be  placed  upon  the  bony  points  retaining  their  normal 
relationships,  and  upon  the  fact  that  the  points  of  maximum 
tenderness  are  over  the  attachments  of  one  or  other  ot  the 
lateral  ligaments.  As  the  internal  lateral  ligament  suffers  most 
.  frequently,  the  most  tender  spot  is  usually  over  its  attachment 
to  the  inner  aspect  of  the  head  of  the  tibia-less  frequently 

over  the  internal  condyle.  •    r„w<.  fn 

Unless  efficiently  treated,  a  sprain  of  the  knee  is  liable  to 
result  in  weakness  and  instability  of  tt^^Jf  ^^^/^^^  J^^^^ 
of  the  ligaments,  and  this  is  often  associated  with  effusion  ot 
fluid  in  the  synovial  cavity  {traumatic  hydrops).  T^iis  as  moie 
likely  to  occur  if  the  joint  is  repeatedly  subjected  to  slight 
degrees  of  violence,  such  as  are  liable  to  off 
other  athletic  exercises-hence  the  name  "footballers  knee 
sometimes  applied  to  the  condition. 

Treatment.-ln  recent  and  severe  cases  the  patient  must  be 
confined  to  bed,  and  firm  pressure  applied  over  the  joint  by 
means  of  cotton  wool  and  a  bandage.  This  may  be  remov  d 
"nce'r  twice  a  day  to  admit  of  the  joint  being  dojxched  -ith 
hot  or  cold  water,  and  at  the  same  time  the  JO-^^^^^^^^^^ 
massaged  and  moved  to  promote  absorption  of  the  effusion  ana 
prevent  the  formation  of  adhesions.  .  •  .        •Up.-t  results 

When  there  is  chronic  effusion  into  the  joint,  the  best  results 


FRACTURES  OF  THE  PATELLA 


599 


are  obtained  by  rest  and  blistering.  If  the  patient  is  unable  to 
lie  up,  massage  should  be  systematically  employed,  and  a  firm 
elastic  bandage  worn.  A  patient  who  has  once  had  a  severe 
sprain  of  the  knee,  or  who  has  developed  the  condition  of 
"footballer's  knee,"  must  give  up  violent  forms  of  exercise 
which  expose  him  to  further  injuries,  otherwise  the  condition 
is  liable  to  be  aggravated  and  to  result  in  permanent  impair- 
ment of  the  stability  of  the  joint. 


INJURIES  OF  THE  PATELLA 

Fracture  of  the  Patella  is  a  comparatively  common  injury 
in  adult  males.    Most  frequently  it  is  due  to  muscular  action, 


Fig.  216.— Kadiogram  of  Fracture  of  Patella. 
(Lent  by  Mr.  George  Hamilton  of  Liverpool.) 


the  patella  being  snapped  across  the  lower  end  of  the  femur  by 
a  sudden  and  forcible  contraction  of  the  quadriceps  extensor 
muscle  while  the  limb  is  partly  flexed— as,  for  example,  in  the 
attempt  to  avoid  falling  backward.  The  bone  is  then  broken 
as  one  breaks  a  stick  by  bending  it  across  the  knee,  and  the 
hne  of  fracture,  which  is  transverse  or  slightly  oblique,  crosses 
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the  bone  a  little  below  its  middle.    Fractures  produced  in  this 
way  are  almost  never  compound. 

The  degree  of  displacement  of  the  fragments  depends  upon 
the  extent  to  which  the  lateral  expansions  of  the  quadriceps 
tendon  are  lacerated.  ,  As  a  rule,  they  are  but  slightly  torn,  so 
that  the  separation  of  the  fragments  does  not  exceed  an  inch. 
In  other  cases  they  are  widely  torn,  and  the  contraction  of  the 
quadriceps  muscle  is  then  able  to  separate  the  fragments  by 
three  or  four  inches,  and  sometimes  causes  tilting  of  the  upper 
fragment.  The  blood  effused  into  the  joint  tends  still  further 
to  Increase  the  separation.  As  the  periosteum  is  usually  torn 
at  a  level  lower  than  the  fracture,  its  free  margin  hangs  as 
a  fringe  from  the  upper  fragment,  and  by  getting  between 
the  broken  ends  may  form  a  barrier  to  osseous  union 
(Macewen). 

Clinical  i^eaiftires.— Immediately  the  bone  breaks,  the  patient 
falls,  and  he  is  unable  to  rise  again,  as  the  hmb  is  at  once 
rendered  useless.  The  power  of  extending  the  limb  is  lost, 
and  the  patient  is  unable  to  lift  his  heel  off  the  ground.  The 
knee-joint  is  filled  with  blood  and  serous  effusion,  which 
usually  extend  into  the  bursa  under  the  quadriceps.  The  two 
fragments  can  be  detected,  separated  by  an  interval  which 
admits  of  the  finger  being  placed  between  them,  and  which  is 
increased  on  fiexing  the  knee.  On  relaxing  the  quadriceps,  the 
fragments  may  be  approximated  more  or  less  completely. 

Prognosis. — In  cases  with  little  displacement,  if  the  frag- 
ments have  been  kept  in  perfect  apposition,  osseous  union  may 
take  place,  but  in  the  great  majority  of  cases  the  union  is 
fibrous.  In  certain  cases  the  shortening  of  the  quadriceps  and 
the  gradual  stretching  and  thinning  of  the  connecting  fibrous 
band  may  allow  of  further  separation  of  the  fragments  (i^ig. 
217)  which  to  a  variable  extent  interferes  with  the  stability  and 
functions  of  the  limb.  The  upper  fragment  sometimes  becomes 
attached  to  the  front  of  the  femur,  and  moves  with  it,  and  the 
fibrous  band  between  the  two  fragments  gradually  becomes 
stretched.  After  bony  union  has  occurred,  it  is  not  uncommon 
for  the  patella  to  be  fractured  again  by  a  fall  within  a  month  or 
two  of  the  original  accident.  _ 

Treatvient-Th<i  best  method  of  treating  a  fracture  of  the 
patella  is  still  suh  judice.  It  is  probably  true  that  the  be  t 
functional  results  are  most  speedily  obtained  by  ope;:«J^^« 
measures.  The  laceration  of  the  lateral  aponeurosis,  the  tilt  u^ 
of  the  fragments,  and  the  interposition  of  the  torn  penosteum 
between  the  fragments,  can  in  no  other  way  be  rectified  xMth 
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certainty.  The  operation,  however,  should  only  be  undertaken 
by  those  who  are  familiar  with  wound  technique,  and  who 
have  every  means  at  their  disposal  for  carrying  it  out. 

Non-operative  Treatment. — In  the  majority  of  cases  occurring 
in  patients  who  do  not  follow  a  laborious  occupation  or  other- 
wise lead  an  active  life,  a  satisfactory  result  can  be  obtained 
without  having  recourse  to  operation.  We  have  had  reason  to 
be  satisfied  with  the  following  method : 
the  patient  is  kept  in  bed  for  a  few  days, 
the  injured  region  being  supported  on  a 
pillow  and  massaged  daily,  and  the  patella 
moved  from  side  to  side  as  a  whole  to 
prevent  adhesion  to  the  femur.  About 
the  fourth  day  he  is  allowed  to  get  about 
with  crutches.  As  osseous  union  of  the 
fragments  is  not  essential  to  a  good  func- 
tional result,  and  as  fibrous  union  does 
not  necessarily  entail  any  material  inter- 
ference with  the  usefulness  of  the  limb, 
no  attempt  need  be  made  to  approximate 
the  fragments,  but  every  effort  must  be 
made  to  maintain  the  function  of  the 
quadriceps  muscle  and  the  mobility  of  the 
joint. 

If  it  is  desired  to  bring  the  fragments 
into  contact  and  to  secure  osseous  union, 
the  limb  should  be  placed  upon  an  inclined 
plane  to  relax  the  quadriceps  muscle,  and 
means  taken  to  arrest  effusion  and  to 
diminish  the  swelling  by  systematic 
massage  and  a  supporting  bandage.  When, 
in  the  course  of  a  few  days,  this  has  been 
accomplished,  the  attempt  is  made  to 
approximate  the  fragments,  by  fixing  a 
large  horseshoe-shaped  piece  of  adhesive 
plaster  to  the  front  of  the  thigh,  embracing  the  upper  frag- 
ment. Extension  is  made  upon  this  by  means  of  rubber 
tiibing,  which  is  fixed  to  the  foot-piece  of  the  splint  (Fig.  218). 
The  bandage  which  binds  the  limb  to  the  splint  should  make 
upward  pressure  on  the  lower  fragment,  or  this  may  be  done 
by  a  special  piece  of  adhesive  plaster  with  elastic  tubing  pulling 
in  an  upward  direction. 

The  retentive  apparatus  is  kept  on  for  about  three  weeks, 
"   rigid,  but  easily  removable,  apparatus  is  thereafter 


Fig.  217.— Fracture  of 
Patella,  showing  wide 
separation  of  frag- 
ments, wbich  are 
united  by  a  fibrous 
band. 

(Anatomical  Museum  of 
the  University  of  Edin- 
burgh.) 


and 
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applied,  and  the  patient  allowed  up  on  crutches,  the  Umb 
being  massaged  and  exercised  daily  to  improve  the  tone  of  the 
muscles. 

Operative  treatment  is  specially  indicated  in  young  subjects 
who  lead  an  active  life,  and  in  labouring  men,  particularly  those 
who  follow  dangerous  employments  necessitating  great  stability 
of  the  knees. 

As  soon  as  the  wound  is  healed, — in  a  week  or  ten  days,— 
massage  and  movement  of  the  limb  are  commenced,  and  the 
patient  is  encouraged  to  move  his  limb  in  bed.  At  the  end  of 
another  week  he  may  be  allowed  up  with  sticks  or  crutches. 

When  the  fracture  is  caused  by  direct  violence,  such  as  a 
fall  on  the  knee  or  the  kick  of  a  horse,  it  may  be  transverse, 
obliqiie,  or  vertical,  but  in  many  cases  it  is  stellate,  the  bone 


Fig  218  —Treatment  of  Fracture  of  Patella  by  means  of  Inclined 
and  Elastic  Extension. 


being  broken  into  several  irregular  pieces.  These  comminuted 
fractures  are  frequently  compound.  In  transverse  and  oblique 
fractures,  the  displacement  depends  upon  the  same  causes  as  m 
fracture  by  muscular  action.  In  vertical  and  stellate  fractures, 
unless  the  knee  has  been  forcibly  flexed  after  the  bone  has 
been  broken,  there  is  little  or  no  displacement.  The  treatment 
is  governed  by  the  same  considerations  as  m  fractures  by 

muscular  action.  .  .,, 

Old-standing  Fractures.— Kb  fibrous  union,  even  with  an 
interval  of  several  inches  between   the   fragments,  is  not 
Incompatible  with  a  useful  limb  (Fig.  219),  it  -  "ot  often 
necessary  to  operate  for  this  condition,  but  l^l^^^'^  ^^f^ 
ness  of  the  limb  is  seriously  impaired,  operative  treatment 
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indicated.  The  operation  is  carried  out  on  the  same  hnes 
as  for  recent  fracture,  the  ends  of  the  bones  being  rawed  and 
adhesions  divided.  When  the  upper  fragment  has  become 
attached  to  the  femur,  it  should  be  separated,  and  it  is  some- 
times necessary  to  lengthen  the  quadriceps  muscle  by  making  a 
number  of  V-shaped  incisions  through  its  substance,  before  the 
fragments  can  be  approximated ;  or  a  flap  may  be  turned  down 
from  the  rectus  and  stitched  to  the  patella  and  the  ligamentum 
patellfe. 


Fig.  219.— Old-standing  Fracture  of  Patella  with  wide  separa,tion  of 

fragments. 

(The  patient  was  able  to  follow  his  occupation  as  a  dock -labourer.) 

When  operative  treatment  is  contra-indicated,  the  patient 
should  be  fitted  with  a  firm  apparatus  which  will  limit  flexion 
of  the  knee  and  support  the  fragments. 

Dislocations  of  the  patella  are  rare.  They  result  from 
exaggerated  muscular  movements  when  the  limb  is  in  the  fully 
extended  position,  or  from  a  blow  on  one  or  other  edge  of 
the  bone.  Laxity  of  the  ligaments  and  knock-knee  are  pre- 
disposing factors.  They  are  sometimes  associated  with  fracture 
of  the  edge  of  the  trochlear  surface,  which  renders  retention 
in  position  difficult. 

The  oufward  is  the  most  common  variety — the  imrard  being 
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rare.  Either  may  be  complete  or  incomplete.  Sometimes  the 
bone  is  rotated  so  that  its  edge  rests  on  the  front  of  the  femur 
— -vertical  dislocation  (Fig.  220);  and  in  a  few  cases  it  has 
been  completely  turned  round,  so  that  the  articular  surface  was 
directed  forwards. 

Clinical  Features. — The  joint  is  fixed,  usually  in  a  position 
of  slight  flexion,  and  the  displaced  patella  can  readily  he 
palpated.  The  deformity  is  a  very  striking  one,  and  at  first 
sight  suggests  a  much  more  serious  injury.  Although  easily 
reduced,  the  dislocation  is  liable  to  recur. 

To  effect  reduction,  the  quadriceps  must  be  thoroughly  relaxed 
by  extendmg  the  leg  upon  the  thigh  and  flexing  the  thigh 
upon  the  pelvis,  the  patella  is  then  tilted  by  making  firm 


Fig.  220.— Vertical  Dislocation  oi  Patella. 


pressure  on  that  edge  which  lies  farthest  from  the  middle  of  the 
joint,  and  at  the  same  time  pushing  towards  the  middle  line. 
The  limb  is  placed  on  a  posterior  splint,  and  firm  elastic  pressure 
made  on  the  joint  to  prevent  or  diminish  effusion.  Massage 
and  movement  are  carried  out  from  the  first. 

As  the  displacement  is  liable  to  recur,  the  patient  should 
wear  a  firm  elastic  bandage  or  a  strong  knee-cap. 

Permanent  and  recurrent  dislocations  of  the  jiatella  will  be 
described  in  the  chapter  on  Deformities. 


Fbaotubes  of  the  Bones  of  the  Leg 

The  bones  of  the  leg  may  be  broken  together  or  separately. 

Fracture  of  both  Bones.— The  features  of  this  injury  depeiid 
to  a  large  extent  upon  the  nature  of  the  violence  producing  it. 
In  fracture  by  direct  violence,  such  as  the  passage  of  a  wheel 
over  the  limb  or  a  severe  blow,  the  bones  give  way  at  tne 
point  of  impact,  and  the  line  of  fracture  tends  to  be  trans- 
verse, both  bones  being  broken  at  the  same  level  (tig. 
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There  is  often  little  or  no  displacement,  and  such  as  there  is  is 
angular,  and  is  determined  by  the  direction  of  the  fracturing 
force. 

When  the  violence  is  indirect,  as  from  a  fall  on  the  feet,  or  a 
twist  of  the  leg,  the  tibia  usually  gives  way  at  the  junction  of 


its  lower  and  middle  thirds,  and  the  fibula  at  a  higher  level 
(Fig.  222).  Torsion  of  the  tibia  is  probably  the  most  important 
factor  in  the  production  of  the  fracture,  the  lower  fragment 
being  fixed  by  the  pressure  of  the  foot  upon  the  ground, "while 
the  upper  fragment  is  rotated  by  the  impetus  of  the  body.  Both 
fractures  are  u.sually  oblique— that  in  the  tibia  runnincr  from 
above  downward,  forward,  and  inward,  and  it  is  generallf  found 
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that  the  obliquity  of  the  fibular  fracture  corresponds  with  that 
in  the  tibia.  ^  : 

There  is  usually  considerable  displacement,  the  weight  of  the  ?-l 
lower  portion  of  the  Umb  causing  it  to  fall  backwards  and  to 
roll  outwards,  and  the  traction  of  the  calf  muscles  pulling  up 
the  heel  and  pointing  the  toes.    The  upper  fragments  form  a 
projection  on  the  front  of  the  limb. 

On  account  of  the  superficial  position  of  the  tibia  and  the 
pointed  character  of  the  fragments,  this  fracture  is  frequently 
rendered  compound  by  the  bone  being  forced  through  the  skm. 
The  projecting  piece  of  bone  is  usually  the  lower  end  of  the 
upper  fragment.  This  fracture  is  often  comminuted.  It  has 
been  observed  that  when  the  line  of  fracture  forms  the  letter 
V  on  the  subcutaneous  surface  of  the  tibia,  there  is  invariably 
a  fissure  passing  down  along  the  back  of  the  bone  into  the 
ankle-joint— a  complication  which  adds  to  the  risk  of  subse- 
quent stifi'ness  and  impaired  usefulness  of  the  limb.  Apart 
from  this,  the  ankle  is  usually  sprained  in  fractures  by  indirect 
violence,  and  we  have  frequently  found  the  superior  tibio- 
fibular articulation  torn  open  in  severe  fractures  of  both  bones 

of  the  leg.  .  .J 

ainical  Features.— Th^  tibial  fracture  is  readily  recognised 
by  detecting  an  irregularity  on  running  the  fingers  along  the 
crest  of  the  shin,  and  at  this  point  abnormal  mobihty, 
tenderness,  and  crepitus  can  usually  be  elicited.  It  is  often 
difficult  to  detect  the  fibular  fracture,  and  it  is  not  always 
advisable  to  attempt  to  do  so,  especially  if  the  necessary  man- 
ipulations cause  pain  or  tend  to  increase  the  displacement 
The  condition  of  the  fibula  is  usually  to  be  inferred  by  noting 
the  amount  of  deformity  and  the  extent  of  mobility  of  he 
tibial  fragments.  Not  infrequently  the  seat  of  fracture  may 
be  recognised  by  locating  a  point  at  which  pam  is  elicited  on 
making  pressure  over  the  bone  at  a  distance-pam  on  distal 

pressure.  of  the  close  connection  of  the  skin  to  the 

neriosteum  on  the  subcutaneous  aspect  of  the  tibia,  the  tension 
Sused  by  extravasated  blood  is  often  extreme ;  blisters  frequency 
orm  over  the  area  of  ecchymosis,  and  .dien  these  become  in- 
fected, sloughing  of  the  skin  may  take  place  and  the  fracture 
thus  be  rendered  compound.  cpriou«lv 
The  vessels  and  nerves  of  the  leg  are  seldom  .eriouay 

'''St../.-If  there  is  marked  f  Pl-ement  rediictio^ 
most  satisfactorily  accomplished  under  anaesthesia.  Traction 
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is  made  upon  the  foot  and  the  fragments  are  manipulated  into 
position,  the  pointing  of  the  toes  and  the  outward  rotation 
of  the  foot  being  at  the  same  time  corrected.  The  normal 
outline  of  the  foot  in  relation  to  the  leg  is  restored  when  the 
ball  of  the  great  toe,  the  internal  malleolus,  and  the  inner  edge 
of  the  patella  are  in  the  same  vertical  plane.  As  in  other 
fractures  of  the  lower  extremity,  the  limb  should  be  placed 
in  the  natural  position  of  slight  eversion :  not  with  the  toes 
pouating  straight  forward. 

The  retentive  apparatus  to  be  applied  depends  upon  the 
tendency  to  re-displacement,  the  degree  of  swelling,  and  the 
extent  of  the  damage  to  the  skin. 

In  the  average  case,  the  leg  is  supported  between  sand-bags, 
and  massage  and  movements  are  employed  from  the  outset. 
When  massage  is  not  obtainable,  the  limb  may  be  immediately 
enclosed  in  a  rigid  apparatus,  such  as  lateral  poroplastic  splints 
retained  in  position  by  an  elastic  bandage,  or  a  Croft's  splint, 
which  can  readily  be  removed  to  admit  of  massage.  When  the 
fracture  is  in  the  lower  third  of  the  leg,  the  ambulatory  splint 
gives  excellent  results,  and  is  of  special  service  in  hospital 
practice  (Fig.  227). 

When  the  fracture  is  oblique  and  it  is  difficult  to  retain  the 
fragments  in  position,  or  when  there  is  great  swelling  with 
blisters  or  bruises  on  the  skin,  a  splint  which  admits  of  easy 
access  to  the  limb  is  to  be  preferred.  One  of  the  simplest  and 
most  efficient  is  the  box  splint  (Fig.  223).  This  consists  of  two 
pieces  of  wood  extending  from  above  the  knee  to  an  inch  or 
two  beyond  the  sole,  and  a  little  broader  than  the  maximum 
diameter  of  the  leg.  These  are  rolled  into  the  opposite  ends 
of  a  folded  sheet,  so  as  to  form  two  sides  of  a  box,  of  which 
the  sheet  constitutes  a  third  side.  It  is  found  advantageous 
to  insert  another  board,  fitted  with  a  foot-piece,  between  the 
folds  of  the  sheet  forming  the  third  side  of  the  box,  to  add  to 
the  rigidity  of  the  splint,  and  to  aid  in  controlling  the  foot. 
By  folding  one  side  of  the  sheet  somewhat  obliquely,  the  box  is 
made  a  little  wider  at  the  knee  than  at  the  ankle,  and  so  fits 
the  limb  more  accurately. 

The  limb  is  placed  in  this  box,  the  sides  of  which  have  been 
carefully  padded.  Ring  pads  are  applied  to  take  pressure  off 
the  condyles,  the  head  of  the  fibula,  the  malleoli,  and  the  tip 
of  the  heel,  and  a  large  supporting  pad  is  placed  behind  the 
tendo  Achillis.  A  folded  towel  is  laid  over  the  front  of  the  lee 
forming  a  lid  to  the  box,  and  the  whole  is  bound  to  the  limb 
by  three  slip-knots.    Finally,  the  foot  is  fixed  at  right  ancrles  to 


608     INJURIES  IN  REGION  OF  KNEE  AND  LEG 


the  leg  and  slightly  abducted,  by  a  figure-of-eight  bandage  or 
a  piece  of  elastic  webbing.  Sand-bags  placed  alongside  serve 
to  steady  the  limb.  In  fractures  in  the  lower  third  of  the  leg, 
the  box  splint  may  stop  short  of  the  knee,  and  the  limb  may 
then  be  suspended  in  a  Salter's  cradle,  which  allows  the  patient 
to  move  about  more  freely  in  bed. 

To  prevent  shortening  in  oblique  fractures  and  in  those 


Fig.  223.— Box  Splint  for  Fractures  of  Bones  of  Leg. 


near  the  ankle-joint,  where  it  is  often  difficult  to  control 
the  lower  fragment,  extension,  applied  by  weight  and  pulley, 
may  be  of  service.  The  strapping  may  be  applied  only  to  tlie 
lower  fragment,  but  we  prefer  to  carry  it  to  the  upper  third  ot 
the  leg  If  the  over-riding  of  the  fragments  persist.^  btein- 
mann's  extension  apparatus  is  used,  the  pins  being  driven 
through  the  malleoli.  _  .  , 

When  the  skin  is  damaged,  as  it  so  frequently  is  on  tlie 
inner  aspect  of  the  tibia,  means  must  be  taken  to  prevent  septic 
infection. 
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Massage  is  carried  out  daily  as  soon  as  the  condition  of  the 
skin  will  admit  of  it,  and,  to  prevent  stiffness,  the  ankle  is 
moved  from  the  first.  In  the  course  of  three  weeks,  lateral 
poroplastic  spUnts  retained  by  an  elastic  bandage  may  be 
substituted,^  and  the  patient  allowed  up  on  crutches.  In  simple 
fractures  without  displacement,  union  is  usually  complete  in 
from  six  to  eight  weeks,  but  when  the  fracture  is  oblique, 
comminuted,  or  compound,  union  is  often  delayed,  and  the 
functions  of  the  limb  may  not  be 
fully  regained  for  three  or  even  four 
months  after  the  accident. 

Operative  Treatment. — When  over- 
riding cannot  otherwise  be  corrected, 
it  is  advisable  to  secure  the  fragments 
mechanically  by  operation.    A  curved 

incision  with  its  convexity  backward 

is  made  over  the  inner  side  of  the  tibia, 

exposing  the  fragments,  which  are  then 

screwed,  plated,  or  wired  according  to 

circumstances.    It  is  seldom  necessary 

to  deal  specially  with  the  fibula.  A 

box  splint  is  apphed  till  the  wound 

has  healed,  after  which  a  poroplastic 

splint  is  substituted  and  massage  com- 
menced. 

We  do  not  share  in  the  dissatis- 
faction expressed  by  some  surgeons, 
notably  Arbuthnot  Lane,  as  to  the 
results  obtained  by  non-operative  means 
in  the  common  fractures  of  the  leg,  and 
<3o  not  recommend  a  systematic  resort 
to  operative  treatment. 

Un-tmited  fracture  of  the  bones  of 
the  leg  IS  sometimes  met  with.  It  is 
treated  on  the  same  lines  as  in  other 
situations,  but  may  prove  extremely 

VOL.  r.— 39 


Fig.  224.— a  Badly-nuited 
Fracture  of  both  Bones 
of  Leg,  occurring  iu  a  lad 
who  bad  had  no  treat- 
ment. 
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Fracture  of  the  tibia  alone,  -when  due  to  direct  violence,  is 
usually  transverse,  there  is  little  displacement,  and  as  the 
intact  fibula  retains  the  fragments  in  position,  union  takes 
place  rapidly  and  without  deformity.  Oblique  and  spiral 
fractures  result  from  indu-ect  violence,  and  are  extremely  rare. 

Fracture  of  the  fibula  alone  may  result  from  direct  violence, 
and,  on  account  of  the  support  given  by  the  tibia,  is  usually 
unattended  by  displacement  or  deformity.    Bennett  of  Dublm 
has  pointed  out  that  it  is  common  to  meet  with  an  oblique 
fracture  of  the  upper  third  of  the  fibula  as  the  result  of  an 
outward  twist  of  the  ankle  while  the  foot  is  extended.    It  is 
characterised  by  pain  localised  at  the  seat  of  the  break,  on 
moving  the  foot  in  such  a  way  as  to  bring  the  astragalus  to 
bear  against  the  fibula.     Local  pressure  also  may  make  the 
fibula  yield  and  may  elicit  crepitus.     In  some  cases  this 
fracture  is  associated  with  injuries  m  the  region  of  the  ankle- 
joint.     It  is  often   overlooked,  and  from  want  of  proper 
treatment  may  result  in  prolonged  impairment  of  usefubiess  of^ 

the  limb.  ,  I 

Fractures  of  the  tibia  or  fibula  alone  are  treated  on  the  s&me> 
lines  as  fractures  of  both  bones.  The  ambulant  method  is^ 
particularly  useful  in  these  cases  (Fig.  227).  1^ 
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INJUEIES  IN  REGION  OF  ANKLE  AND  FOOT 

Surgical  anatomy  —  Fractukes  :  Pott's  fracture;  Converse  of  Pott's 
fracture;  Separation  of  lower  epiphysis;  Fracture  of  astragalus; 
Fracture  of  os  calcis ;  Fractures  of  other  tarsal  bones;  Fracture's 
of  metatarsal  hones ;  Fractures  of  phalanges— DishOCKVioss  :  Of 
ankle-joint ;  Of  inferior  tibio-fibiilar  joint ;  Coviplete  dislocation  of 
astragalus;  Suh-astragaloid  dislocation;  Medio-tarsal  dislocation; 
Tarso-metatarsal  dislocation  ;  Dislocations  of  toes. 

The  fractures  in  this  region  include  Pott's  fracture,  and  its 
converse;  separation  of  the  lower  epiphysis  of  the  tibia; 
fractures  of  the  astragalus,  os  calcis,  and  other  tarsal  bones; 
and  fractures  of  the  metatarsals  and  phalanges.  Various  dis- 
locations also  occur,  the  most  important  being  those  of  the 
ankle-joint,  of  the  astragalus,  and  the  sub-astragaloid  dislocation. 

Surgical  Anatomy. -For  the  study  of  injuries  in  the  region  of  the 
ankle-joint  it  is  of  importance  to  define  the  terms  employed  in  describing 
the  movements  of  the  foot.  Thus  by  flexion  or  dorsiflexion  is  meant  that 
movement  which  approximates  the  dorsum  of  the  foot  to  the  front  of 
tlie  leg  ;  while  extension  or  2}lantar  flexion  means  the  drawino-  up  of  the 
heel  so  that  the  toes  are  pointed.  In  inversion  the  inner  edo-e  of  tlie 
loot  is  drawn  up  so  that  the  sole  looks  inwards,  an  attitude ''which  is 
analogous  to  supination  of  the  hand.  In  eversion  the  outer  edcre  of  the 
oot  IS  drawn  up,  the  sole  looking  outwards-analogous  to  pronation  of 
the  hand.  Adduction  indicates  the  rotation  of  the  foot  so  that  the  toes 
are  turned  towards  the  middle  line  of  the  body  ;  while  in  abduction  the 
toes  are  turned  away  from  the  middle  line. 

The  most  prominent  bony  landmarks  in  the  region  of  the  ankle  are 
the  two  malleoh  the  external  lying  slightly  farther  back,  and  about  half 
an  inch  lower  than  the  internal.  On  the  inner  side  of  the  foot  from 
behind  forward  may  be  felt  the  internal  tuberosity  of  the  os  calcis  •  the 
sMaculnm  te^t,  which  lies  about  one  inch  vertically  below  U  tit' 
ot  the  malleolus  ;  the  tubercle  of  the  scaphoid,  about  an  iucli  i^  front  of 
he  malleo  us  and  at  a  slightly  lower  level ;  the  internal  cm,  a/om  and 
the  base,  shaft,  and  head  of  the  first  metatarsal.  '^^'jorm,  ana 

OS  ;.nl,?«%r.'*''  recognised  the  externa.1  tuberosity  of  the 

OS  ca  CIS,  the  peroneal  tubercle  on  the  same  bone ;  the  cuboid  ■  R„d  III 
prominent  base  of  the  fifth  metatarsal.  '  '  ^"^^ 

Oil 
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Tho  astragalo-scaphoid  joint  lies  immediately  behind  the  tubercle  of 

the  scaphoid,  and  a  line  drawn  straiglit 
across  the  foot  at  this  level  passes  over  ■ 
the  calcaneo-ciiboid  joint. 

The  ankle-joint,  formed  by  the  articula- 
tion of  the  tibia  and  fibula  with  the 
astragalus,  lies  about  half  an  inch  above 
the  tip  of  the  internal  malleolus,  and  is 
so  constructed  that  when  the  foot  is  at 
a  right  angle  with  the  leg  it  is  only 
possible  to  flex  and  extend  the  joint. 
When  the  toes  are  pointed,  however, 
slight  lateral  and  rotatory  movements 
are  possible.  The  chief  seat  of  lateral 
movement  of  the  foot  is  at  the  astragalo- 
scaphoid  and  calcaneo-cuboid  articula- 
tions—"the   mid  -  tarsal   or  Chopart's 

ioint."  . 

The  ankle-joint  owes  its  strength 
chiefly  to  the  malleoli  and  the  lateral 
ligaments,  and  to  the  inferior  tibio- 
fibular ligaments,  which  bind  together 
the  lower  ends  of  the  bones  _  of  the 
leo-.  The  numerous  tendons  passing  over 
the  joint  on  every  side  also  add  to  its 

stability.  , , 

The  svnovial  membrane  ot  the  anKie- 


Fig    225. —Section  througi 
Aukle-Joint  showing  rela 


Ankle- J omt  snowiug  icx".         j.iit!  ayif^y-^"--   -  , 

tion  of  epiphyses  to  synovial  i^mt  passes  up  between  the  bones  ot  tne 
biuuu    f  L  ■      ;_'i;„„ ,-,ifpvinr  t-.  hio-fibular  lomt; 


cavity. 
a,  Lower  epiphysis  of  tibia. 
6,  Lower  epiphysis  ot  fibula. 

c,  Astragalus. 

d,  Os  caleis. 
(After  Poland.) 


leg  to  line  the  inferior  tibio-fibular  jomt ; 
but  it  is  distinct  from  that  of  the  inter- 
tarsal  joints,  which  communicate  with  one 
another  in  a  complicated  manner.  iUe 
epiphysial  cartilage  at  the  lower  end  ot 
the  fibula  lies  on  the  level  of  the  astragalo- 
tibial  articulation,  while  that  of  the  tibia  is  about  half  an  inch  higher 
(Fig.  221). 

iRACTUBES  IN  THE  EeGION  OP  THE  AnKLE 

Pntf  s  Fracture.-It  must  clearly  be  understood  that  various 
Potts  tracture.  ankle-joint  are  included 

lesions  o-m-rvn^  m    -  ^^.^^,,^,J  Although  of  a 

under  the  climcal  term  ^  ^  ^^,^3  f^^.s  of  violence, 
siiuilar  n^ture,  _and  pioduced  by  ^  ^^^^^^^^^ 

these  vary  considerab  y  m  Mucfion  of 

They  are  all  '^'^I'^fj^^^^^^^^^     slipping  oft'  the  kerbstone, 

'1^^^^  '^sion  is  the  chief  --men,  tigl« 

of^  internal  ^  a^^aS^^  "u^t  to 

malleolus  across  its  base.    U\l  asua^am 
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bear  on  the  external  malleolus,  and  the  force  continuing  to  act, 
the  lower  end  of  the  fibula  is  pressed  outwards,  and  breaks  close 
above  the  malleolus.  The  inferior  tibio-fibular  ligament  may 
rupture,  or  the  outer  portion  of  the  tibia,  to  which  it"  is  attached, 
may  be  avulsed.  This  form  is  sometimes  called  Duimytren's 
fracture.  When  the  bones  are  Avidely  separated  in  Dupuytren's 
fracture  the  astragalus  may  be 
forced  up  between  them. 

When  the  movement  of  abduc- 
tion predominates,  the  internal 
lateral  ligament  is  usually  ruptured, 
or  the  anterior  edge  or  tip  of  the 
internal  malleolus  torn  ■  off.  The 
inferior  tibio-fibular  ligament  usu- 
ally resists,  and  an  oblique  fracture 

of  the  fibula  two  or  four  inches 

above  its  lower  end  results. 

Clinical  Features. — In  a  con- 
siderable proportion  of  cases — in 

our  experience  in  the  majority — 

this  fracture  is  not  accompanied 

by  any  marked  deformity  of  the 

foot,  and  the  patient  is  often  able 

to  walk  after  the  injury  with  only 

a  slight  limp. 
In  others,  however,  the  deformity 

is  marked  and  characteristic  (Fig. 

226).    The   foot  is   everted,  its 

inner  side  resting  on  the  ground. 

The  internal  malleolus  is  unduly 

prominent,  stretching   the  skin, 

which  may  give  way  if  the  patient 

attempts  to  walk.   The  foot  having 

lost  the  support  of  the  malleoli,  is 

often  displaced  backward,  and  the 

toes  are  pointed  by  the  contrac- 
tion of  the  calf  muscles.  There 

is  abnormal  mobility-both  lateral  and  antero-posterior-and 
■crepitus  may  be  elicited.  The  points  of  teX-  icss  a  e 
in7erio.  tibio  m  1  '^'^'t  H^^^^nt\r  internal  mdleS,  tl 

mfula     S  HI  n   '  J""^^'  '^^^  °f  fracture  o  the 

nbula.     Distal  pressure  over  the  shaft  of  the  fibula   or  rm 
he  extreme  tip  of  the  malleolus,  may  elicit  pain  and  r^tl  a^ 
the  seat  of  fracture.    There  is  usually  considerable  ecchymosis 


226.— Diagram    of  Pott's 
Fracture  from  behinil. 
(After  Helferich.) 
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and  swelling  in  the  hollows  below  and  behind  the  malleoli ;  and 
the  malleoli  appear  to  be  nearer  the  level  of  the  sole.  In 
Dupuytren's  fracture,  when  the  astragalus  passes  up  between 
the  tibia  and  fibula,  there  is  great  broadening  of  the  ankle. 

There  is  often  considerable  difficulty  in  distinguishing  a  S2yram 
of  the  ankle  from  a  fracture  without  displacement,  as  both 
forms  of  injury  result  from  the  same  kinds  of  violence,  and  are 
rapidly  followed  by  swelling  and  discoloration  of  the  overlying 
soft  parts.  '  In  a  sprain,  the  point  of  maximum  tenderness  is 


♦  5 


YiG.  227.— Ambulant  Splint  of  Plaster  of  Paris. 


over  the  ligaments  and  tendon  sheaths  that  have  been  damaged 
while  in  fracture  the  site  of  the  break  is  the  -^ost^-^e.^"^ 
The  X-rays  are  often  useful  in  the  diagnosis  of  foubtful  ca.es. 

Treatnlnt-ln  those  cases  of  fracture  °f  ^Y./rit-^^^^^^ 
the  fibula  in  which  there  is  no  marked  ;^^«P^^°^2iJ;^i/"^ 
they  constitute  a  considerable  proportion,-tlie  should 
masLged  and  laid  on  a  pillow  between  sand-bag^^ 
a  box^splint  for  two  or  three  days,  unti  ^^^^  ^^nh^tic 
Some  firm  of  rigid  apparatus,  such  '-^V'^^'llTSf ^Uo  v 
fixed  in  position  with  an  elastic  bandage  ^vhlch  will  alio 
patient  to  get  about  with  crutches,  is  ^l^en  ai^phed  ilir 
iemoved  daily  to  permit  of  massage  and  movement  being  cair 
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out — a  point  of  great  jiractical  importance,  because  if  this  is 
neglected,  not  only  does  union  take  place  more  slowly,  but  the 
stiSness  of  the  ankle  and  oedema  of  the  leg  and  foot  which 
ensue,  prolong  the  period  of  the  patient's  incapacity  and  en- 
danger the  functional  usefulness  of  the  limb. 

It  is  in  cases  of  this  kind  that  the  amlmlaiory  method  of 
treatment  yields  its  best  results. 
When,  in  the  course  of  two  or 
three  days,  the  swelling  has  sub- 
sided, a  plaster-of-Paris  case  (Fig. 
227)  is  applied  in  such  a  way 
that  when  the  patient  walks  the 
weight  is  transmitted  from  the 
tuberosities  of  the  tibia  through 
the  plaster  case  to  the  ground,  no 
weight  being  borne  by  the  bones 
at  the  seat  of  fracture.  The 
apparatus  is  applied  as  follows : 
A  boracic  lint  bandage  is  applied 
to  the  limb  as  far  as  the  knee, 
and  protecting  pads  or  rings  of 
wool  are  placed  over  the  tuber- 
osities of  the  tibia,  the  head  of  the 
fibula,  and  the  malleoli.  A  pad  of 
wool  about  three  inches  thick  is 
then  placed  under  the  sole  and  fixed 
in  position  by  a  plaster-of-Paris 
bandage,  which  is  carried  up  the 
limb  in  the  usual  way.  The  case 
is  made  specially  strong  on  the 
sole,  around  the  ankle,  up  the 
sides  of  the  leg,  and  at  the  bearing- 
point  at  the  head  of  the  tibia. 
After  the  plaster  has  thoroughly 
set,  the  patient  is  allowed  to 
walk  about  with  a  stick,  crutches 
being  unnecessary.  In  the  course 
of  three  weeks  the  plaster  case  may  be  removed  and  the  limb 
massaged.  It  is  usually  found  that  the  movements  of  the  ankle 
are  scarcely  interfered  with,  and  the  patient  is  generally  able  to 
resume  work  within  a  month  of  the  accident. 

When  there  is  marked  eversion  of  the  foot,  it  is  sometimes 
necessary  to  administer  a  general  anaesthetic  to  reduce  the 
cletormity;   and  to  prevent  recurrence  of  the  displacement 


Fig.  228.— Dupuytren'a  Splint 
applied  to  correct  Eversion  of 
Foot. 
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Dupuytren's  sjilint  (Fig.  228)  may  be  used.  This  splint,  which 
is  of  the  same  shape  as  Liston's  long  splint,  but  on  a  small 
scale,  is  applied  to  the  inner  side  of  the  leg,  extending  from 
just  below  the  knee  to  well  beyond  the  sole  of  the  foot.  A 
large  pad  is  placed  in  the  hollow  above  the  internal  malleolus, 
and  it  must  be  thick  enough  to  carry  the  splint  so  far  from  the 
limb  that  when  the  foot  is  fully  inverted  it  does  not  touch  the 
splint.  The  upper  end  of  the  splint  having  been  fixed  to  the 
leg  at  the  level  of  the  tuberosities  of  the  tibia,  a  bandage  is 
applied  to  correct  the  eversion  of  the  foot,  and  at  the  same 
time  to  support  the  heel,  and,  as  far  as  possible,  to  overcome 
the  pointing  of  the  toes.  Care  must  be  taken  to  avoid  carrying 
the  turns  of  this  bandage  over  the  seat  of  fracture.  The  limb 
may  then  be  slung  in  a  cradle,  or  placed  on 
a  pillow  resting  on  its  outer  side  with  the 
knee  flexed.  In  the  course  of  a  few  days, 
a  poroplastic  or  a  Croft's  splint  may  be 
substituted  and  massage  commenced. 

When  backward  displacement  of  the 
heel  is  the  prominent  deformity,  Syme's 
horse-shoe  or  stirrujj  sjMnt  (Fig.  229)  is 

sometimes  em- 
ployed. It  is 
applied  to  the 
anterior  aspect  of 
the  limb,  which 
is  carefully 
padded  to  pre- 
vent undue  pres- 
sure on  the  edge 
of  the  shin  bone. 
As  the  inner  aspect  of  the  leg  slopes  from  the  crest  of  the 
shin  more  abruptly  than  the  outer,  in  order  that  the  sphnt 
may  have  a  flat  surface  to  rest  upon,  the  padding  must  be 
twice  as  thick  on  the  inner  as  on  the  outer  side.  After  the 
upper  end  of  the  splint  has  been  fixed  below  the  knee,  the 
heel  is  pulled  forward  by  a  few  turns  of  bandage  passed  over 
the  prongs  at  the  lower  end  of  the  splint.  The  foot  is  then 
inverted  and  brought  up  to  a  right  angle  by  a  few  supple- 
mentary turns  of  the  bandage.  In  a  few  days  this  appliance 
may  be  replaced  by  a  poroplastic  or  a  Croft's  splint,  in 
cases  with  marked  displacement  or  with  displacement  con- 
trolled with  difiiculty  by  ordinary  means,  recourse  may  be  had 
to  plating  the  fibular  fragments  by  open  operation. 


Fig.  229.— Syme's  Horse-shoe  Spliat  applied  to 
correct  backward  displacement  of  foot. 
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Mal-union  of  Pott's  fracture  may  necessitate  an  operation  to 
restore  the  usefulness  of  the  ankle.  The  bone  is  divided  by 
means  of  an  osteotome,  the  foot  forcibly  inverted,  and  the  limb 
put  up  in  the  same  way  as  in  a  recent  fracture. 

The  Converse  of  Pott's  Fracture  —  sometimes  called 
"Pott's  Fracture  with  Inversion." — This  injury  is  fairly 
common,  and  results  from  forcible  inversion  of  the  foot.  The 
external  malleolus  is  broken  across  its  base,  or,  in  young  sub- 
jects, along  the  epiphysial  line.  The  internal 
malleolus  alone  may  be  carried  away,  or  a 
portion  of  the  broad  part  of  the  tibia  may 
accompany  it. 

The  foot  is  inverted,  the  heel  falls  back, 
and  the  toes  are  pointed  (Fig.  230).  In 
other  respects  it  corresponds  to  the  typical 
Pott's  fracture,  and  is  treated  on  the  same 
principles.  When  Dupuytren's  splint  is 
required,  it  is,  of  course,  applied  to  the  outer 
side  of  the  les;. 

Separation  of  the  lower  epiphysis  of  the 
tibia  is  not  very  common.  It  occurs  most 
frequently  between  the  ages  of  eleven  and 
eighteen  as  a  result  of  forcible  eversion  or 
inversion  of  the  foot.  It  is  usually  accom- 
panied by  fracture  of  the  diaphysis  of  the 
fibula,  and  is  not  infrequently  compound. 
When  the  epiphysis  is  displaced  laterally, 
the  deformity  is  characteristic.  In  rare 
cases  the  growth  of  the  tibia  is  arrested,  Fig.  230. 
the  continued  growth  of  the  fibula  causing 
the  foot  to  become  inverted.  The  treatment 
is  the  same  as  for  Pott's  fracture. 

Fracture  of  the  astragalus  usually  occurs 
as  a  result  of  a  fall  from  a  height,  the  bone 
being  crushed  between  the  tibia  and  the  os 
calcis.  It  is  usually  associated  with  other 
fractures,  and  is  sometimes  impacted,  the 
foot  assuming  the  position  of  equino-varus 
The  diagnosis  is  only  to  be  made  by  exclusion,  or  by  the  use 
ot  the  Kontgen  rays.  In  uncomplicated  cases,  the  treatment 
consists  in  inamobilising  the  foot  and  leg  in  a  poroplastic 
splmt  and  applying  massage.  In  comminuted  and  in  impacted 
fractures  with  persistent  deformity,  complete  excision  of  the 
bone  yields  good  results.   In  interpreting  radiograms  of  injuries 


C  o  n  - 
verse  of  Pott's 
Fracture.  Man 
tet.  37.  Blow  on 
outer  side  of  an- 
kle. Tibia  broken 
about  two  inches 
above  tip  of  in- 
ternal malleolus. 
Tip  of  e.xternal 
malleolus  chipped 
off. 
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in  this  region,  care  must  be  taken  not  to  mistake  the  08  trigonum 
tarsi  for  a  fracture. 

The  OS  calcis  is  most  frequently  broken  by  the  patient  falling 
from  a  height,  and  landing  on  the  sole  of  the  foot,  and  the 
injury  may  occur  simultaneously  in  both  feet. 

The  primary  fracture  is  usually  longitudinal,  passing  through 
the  facets  for  the  astragalus  and  cuboid,  and  from  this  various 
secondary  fissures  radiate  ;   the  cancellated  tissue  is  much 
crushed,  so  that  the  whole  bone  is  tlattened  out.     In  spite 
of  the  great  comminution,  it  is  often   impossible  to  elicit 
crepitus,  as  the  fragments  are  held  together  by  the  investing 
soft  parts.    In  other  cases  the  foot  may  feel  like  "  a  bag  of 
bones."     The  lesion  is  often  mistaken  for  a  fracture  of  the 
lower  end  of  the  fibula,  or  is  not  diagnosed  at  all.    The  chief 
clinical  feature  is  pain  on  movement  of  the  foot,  or  on  attempt- 
ing to  walk ;  the  foot  appears  flat,  and  the  hollows  on  either 
side  of  the  tendo  Achillis  are  filled  up.    In  many  cases  there 
is  a  persistent  tenderness  which  delays  restoration  of  function 
for  some  months,  but  the  ultimate  result  is  usually  satisfactory. 

Treatment. — In  simple  comminuted  fractures  the  patient 
should  be  ansesthetised,  and  the  foot  moulded  into  position, 
special  care  being  taken  to  restore  the  arch  in  order  to  avoid 
any  tendency  to  flat  foot.  The  foot  is  supported  on  a  pillow, 
and  to  prevent  stiffness,  massage  and  movements  of  the  ankle 
and  tarsal  joints  should  be  commenced  without  delay. 

Compound  fractures  confined  to  the  os  calcis  may  be  treated 
on  conservative  lines,  but  if  associated  with  other  mjuiies  of 
the  foot  they  may  necessitate  amputation. 

The  posterior  tubercle  of  the  os  calcis,  into  which  the  tendo 
Achillis  is  inserted,  is  sometimes  separated  by  forcible  con- 
traction of  the  calf  muscles,  or  from  a  fall  on  the  ball  ot  tbe 
foot.  The  separated  fragment  may  be  pulled  up  for  a  distance 
of  one  or  two  inches,  and  the  rough  surface  from  which  it  has 
been  torn  may  be  recognisable.  The  patient  may  be  able  to 
walk  immediately  after  the  accident,  although  with  difficulty; 
or  he  may  have  persistent  pain  for  many  months.  _ 

A  good  functional  result  is  usually  obtained  by  relaxing  the 
calf  muscles  and  fixing  the  foot  in  the  position  of  extreme 
plantar  flexion  with  the  knee  flexed,  but  in 
advisable  to  peg  the  fragments,  either  through  the  skin  oi  alter 

exposing  them  by  operation.  ,    .    ^     j  ..„.,off.lr 

The  other  bones  of  the  tarsus  are  rarely  fractured  separately. 
The  tiihercle  of  the  scaphoid  is  sometimes  torn  away  by  vioieni 
traction  on  the  ligaments  attached  to  it. 
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Fractures  of  the  metatarsals  and  phalanges  usually  result 
from  direct  violence,  such  as  a  crush  of  the  foot,  in  which  the 
soft  parts  are  severely  damaged.  The  use  of  the  Etintgen  rays 
has  shown,  however,  that  certain  painful  conditions  in  the 
foot  following  comparatively  slight  injuries,  such  as  kicking 
a  stone,  are  due  to  a  fracture  of  one  of  the  metatarsals  or 
phalanges. 

When  simple,  these  injuries  are  often  overlooked,  on  account 
of  the  difficulty  of  eliciting  the  signs  of  fracture  from  the  swell- 
ing which  accompanies  them.  They  are  best  treated  in  a  rigid 
moulded  splint. 

Compound  fractures  are  more  common,  and  are  to  be  treated 
on  the  same  principles  as  govern  such  injuries  elsewhere. 

A  fractitre  of  the  base  of  tlie  fifth  metatarsal  has  been 
described  by  Robert  Jones  of  Liverpool.  It  is  produced  by 
the  patient  coming  down  forcibly  on  the  outer  edge  of  the 
foot  while  the  foot  is  inverted  and  the  heel  raised — as,  for 
example,  in  dancing.  There  is  a  localised  swelling  over  the 
base  of  the  fifth  metatarsal,  and  pain  when  the  patient  puts 
weight  on  the  foot.  There  is  no  crepitus  or  deformity.  The 
fracture  is  readily  recognised  by  the  Rontgen  rays.  Massage 
and  movement  are  employed  from  the  first. 

Dislocations  in  the  Region  of  the  Ankle 

Dislocations  of  the  Ankle-Joint. — In  describing  dislocations 
of  the  astragalus  from  the  tibio-fibular  socket,  the  varieties  are 

named  according  to  the  direction  in  which  the  foot  passes  

backward,  forward,  inward,  outward,  or  upward. 

All  of  them  may  be  complete,  but  they  are  more  frequently 
incomplete,  and  are  liable  to  be  rendered  compound,  either 
from  tearing  of  the  skin  at  the  time  of  the  injury,  or  by  its 
sloughing  later.  Although  as  a  rule  there  is  little  difficulty  in 
effecting  reduction  by  manipulation,  these  injuries  are  liable 
to  be  followed  by  stiffness  and  impaired  usefulness  of  the 
joint. 

The  hacJcivard  dislocation  is  the  most  common,  and  results 
from  extreme  plantar  flexion  of  the  foot,  as  from  a  fall 
backwards  while  the  foot  is  fixed,  wedging  the  astragalus 
between  the  tibia  and  fibula.  The  lateral  ligaments  are  torn 
and  one  or  both  malleoli  may  be  broken,  or  the  posterior  part 
of  the  articular  edge  of  the  tibia  chipped  off. 

The  foot  appears  shortened,  the  heel  is  unduly  prominent 
behind,  and  the  lower  ends  of  the  tibia  and  fibula  project  in 
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front,  sometimes  coming  through  the  skin.  The  tendons 
around  the  joint  are  stretched  or  torn. 

Forivard  dislocation  results  from  extreme  dorsal  flexion  at 
the  ankle-joint.     The  foot  appears  lengthened,  the  heel  is 


Fig.  231.— Kadiogram  of  Backward  Dislocation  of  Ankle. 
(Professor  Chicne's  case.) 

less  prominent  than  normal,  and  the  hollows  on  each  side 
of  the  tendo  Achillis  are  obliterated.  The  astragalus  is 
felt  in  front  of  the  tibia,  and  the  malleoli  appear  to  be  dis- 
placed backwards  and  to  lie  nearer  the  sole. 

Lateral  dislocations— inward  or  outward— are  only  possible 
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after  fracture  of  one  or  both  malleoli,  and  may  be  looked  upon 
as  complications  of  these  injuries  (Fig.  231). 

In  cases  in  which  the  interosseous  ligament  is  ruptured,  and 
in  severe  cases  of  Dupuytren's  fracture,  the  astragalus  may  be 
driven  iqnvards  between  the  bones  of  the  leg.  There  is  great 
broadening  in  the  region  of  the  ankle,  and  the  malleoli  are 
unduly  prominent  under  the  skin,  which  is  tightly  stretched 
over  them.  They  are  also  nearer  to  the  sole  than  normally. 
The  movements  of  the  ankle-joint  are  lost. 

Dislocation  of  the  inferior  tibio-fihular  joint  is  exceedingly 
rare,  except  in  association  with  fractures  of  the  lower  ends  of 
the  bones  of  the  leg,  particularly  Dupuytren's  fracture,  or  with 
dislocation  of  the  ankle-joint  proper. 

Treatment  of  Dislocations  of  Anlde. — The  patient  having 
been  anaesthetised,  the  foot  is  extended  and  the  knee  and 
hip  joints  flexed  to  relax  the  calf  muscles  as  completely 
as  possible.  Traction  is  then  made  upon  the  foot,  while 
counter-extension  is  applied  to  the  leg,  and  the  bones  are 
manipulated  into  position.  Keduction  usually  takes  place 
gradually  without  the  characteristic  snap  which  accompanies 
reduction  of  most  dislocations.  It  is  sometimes  necessary 
to  divide  the  tendo  Achillis,  particularly  in  cases  of  forward 
dislocation. 

When  the  astragalus  passes  upwards  between  the  tibia  and 
fibula,  it  is  sometimes  impossible  to  effect  reduction  by  manipu- 
lation, and  the  best  results  are  then  obtained  by  operation. 

The  after-treatment  consists  in  keeping  the  leg  on  a  pillow 
between  sand-bags,  and  carrying  out  the  usual  massage  and 
movement. 

In  compound  dislocations  which  have  become  infected, 
primary  amputation  may  be  indicated,  but  in  young  and  healthy 
subjects  an  attempt  should  be  made  to  save  the  foot. 

Dislocation  of  the  astragalus  from  its  articulations  with  the 
bones  of  the  leg  above  and  the  os  calcis  and  scaphoid  below  is 
a  comparatively  common  injury,  and  results  from  a  violent 
wrench  of  the  foot.  It  may  be  incomplete  or  complete.  When 
the  foot  is  plantar-flexed  at  the  moment  of  injury,  the  displace- 
ment IS  generally  forward  with  a  tendency  outward.  The 
astragalus  comes  to  rest  on  the  external  cuneiform  and  cuboid 
bones,  the  foot  being  adducted,  inverted,  and  displaced  l)odily 
mwaixl.  In  a  large  proportion  of  cases  the  dislocation  is  com- 
poiind  more  or  less  of  the  astragalus  being  forced  throuc^h  the 
skin  (rig.  2.32).  ° 

When  the  foot  is  dorsiflexed  at  the  moment  of  injury  the 
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displacement  is  bacJavard,  but  this  is  rare,  as  are  also  lateral 
dislocations,  and  dislocation  by  rotation,  in  which  the  astragalus 
is  rotated  in  its  socket.  In  all  these  injuries  the  body  of  the 
astragalus  loses  its  normal  relationship  Avith  the  malleoli. 

An  attempt  should  be  made  to  reduce  the  dislocation  under 
antesthesia,  the  limb  being  placed  in  the  same  position  as  for 
reduction  of  dislocations  of  the  ankle.  While  traction  is  made 
upon  the  foot,  an  assistant  presses  directly  on  the  displaced 
bone  and  endeavours  to  manipulate  it  into  position.  In 
incomplete  dislocations  this  usually  succeeds,  but  it  not  in- 
frequently fails  in  those  which  are  complete,  and  under  these 
circumstances  it  may  be  necessary  to  chisel  through  the  external 
malleolus  to  admit  of  reduction,  or  to  excise  the  astragalus. 


Fia.  232.— Compound  Dislocation  of  the  Astragalus. 
(Dr.  Wm.  Stewart's  case.) 

In  most  cases  of  compound  dislocation  also,  the  bone  should  be 

""^"subitragaloid  Dislocation.— In  this  dislocation,  which 
results  from  the  same  kinds  of  violence  as  the  last,  the  astragalus 
retains  its  position  in  the  tibio-fibular  socket,  and  the  os  calcis 
and  scaphoid,  with  the  rest  of  the  foot,  are  carried  away  from  it 
The  body  of  the  astragalus,  therefore,  maintains  its  normal 
relationship  with  the  malleoli-a  point  of  i^^^J^^^^"  7. 
differential  diagnosis  between  this  injury  and  dislocation  ol 
the  astragalus.   The  displacement  is  ^l^ually  incomplete  and  the 
foot  may  either  pass  backward  and  inward,  or  backward  and 
outward     When  the  foot  passes  backward  and  imcard,  the  heaa 
0    the  astragalus  projects  on  the  outer  pax-t  of  the  dorsum 
resting  on  the  cuboid.    The  dorsum  of  the  foot  is  shortened  1  0 
heel  lengthened,  the  toes  adducted,  and  the  inner  border  of  th^ 
foot  raised.    The  external  malleolus  is  unduly  prominent,  and 
reaches  nearly  to  the  sole. 
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In  the  hackward  and  outward  variety,  the  internal  malleolus 
and  head  of  the  astragalus  project  unduly  towards  the  inner 
side  of  the  foot,  which  is  abducted  and  everted. 

In  neither  variety  is  there  any  mechanical  obstacle  to  move- 
ment at  the  ankle-joint. 

The  treatment  is  carried  out  on  the  same  lines  as  for 
dislocation  of  the  astragalus,  reduction  being  effected  without 
difficulty  in  most  cases.  If  this  fails,  as  it  occasionally  does,  it 
may  be  necessary  to  excise  the  astragalus. 

Mid-tarsal  or  transverse  tarsal  dislocation — that  is,  at  the 
astragalo-scaphoid  and  calcaneo-cuboid  articulations — is  ex- 
tremely rare.  The  distal  segment  of  the  foot  is  usually  displaced 
towards  the  sole ;  the  foot  is  fore-shortened,  the  malleoli  raised 
from  the  sole,  the  arch  of  the  foot  is  lost,  and  the  first  row  of 
tarsal  bones  project  on  the  dorsum.  The  treatment  consists  in 
reducing  the  displacement  by  manipulation,  after  which  massage 
and  movement  are  employed. 

Tarso-metatarsal  Dislocations. — One,  several,  or  all  of  the 
metatarsals  may  be  separated  from  the  distal  row  of  tarsal  bones 
—the  usual  cause  being  a  fall  from  a  horse,  the  foot  being  fixed 
in  the  stirrup.  The  bases  of  the  metatarsal  bones  are  displaced 
outward  and  toward  the  dorsum.  The  base  of  the  second 
metatarsal  and  the  internal  cuneiform  are  sometimes  fractured. 
Eeduction  by  manipulation  is  generally  easy  in  dorsal  disloca- 
tions, but  may  be  difficult  Avhen  the  bones  are  displaced 
externally.  This  may  be  due  to  fragments  of  bone  or  soft  parts 
getting  between  the  bones,  and  may  necessitate  operative 
interference.  In  old-standing  dislocations,  operation  is  to  be 
advised  only  when  locomotion  is  seriously  interfered  with 

Dislocations  of  the  Toes.— The  great  toe  may  be  dislocated 
at  Its  metatarso-phalangeal  joint,  the  base  of  the  proximal 
phalanx  passing  towards  the  dorsum  Diagnosis  and  reduc- 
tion are  alike  easy. 

Inter-phalangeal  dislocations  are  rare. 
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Anatomy  and  physiology— Regeneration  of  bone— Transplantation  of 
bone.  Diseases  of  Bone— Definition  of  terms— Pyogenic  diseases  : 
Acute  oslcomrjelitis  and  periostitis;  Chronic  and  rclapsinrj  osteo- 
myelitis ;  Abscess  of  6o7ic— Tuberculous  diseases— Syphilitic  diseases 
—Hydatids  ;  Rickets  ;  Osteomalacia— Tumours  of  bone. 

Surgical  Anatomy.— During  the  period  of  growth,  a  long  bone  such  as 
the  tibia  consists  of  a  shaft  or  diajihysis,  and  two  extremities  or  ejnjihyscs. 
So  lono-  as  growth  continues  there  intervenes  between  tlie  shaft  and  each 
of  the^piphyses  a  disc  of  actively  growing  cartilage— epipliymil 
cartilage  ;  and  at  the  jimction  of  this  cartilage  vntli  the  shaft  is  a  zone 
of  vouncr  vascular,  spongy  bone  known  as  the  ossifying  or  ejnphysial 
junction"  The  shaft  is  a  cylinder  of  compact  bone  enclosing  the 
medullary  canal,  which  is  filled  with  yellow  marrow.  The  extremities, 
which  include  the  ossifying  junctions,  consist  of  spongy  bone,  the  spaces 
of  which  are  filled  with  red  marrow.  The  articular  aspect  of  the 
epiphysis  is  invested  witli  a  thick  layer  of  hyaline  cartilage,  known  as 

the  articular  cartilage.  „    ,     ,  .  ,  •    +i  •  i 

The  external  investment  of  the  bone— the  periosteum— is  thick  and 
vascular  durin^'  the  period  of  growth,  but  becomes  thin  and  less  vascular 
when  the  skeleton  has  attained  maturity.  Except  where  muscles_  are 
attached  it  is  easily  separated  from  the  bone  ;  at  the  extremities  it  is 
intimately  connected  with  the  epiphysial  cartilage  and  with  the  epiphysis, 
and  at  the  raarcrin  of  the  latter  it  becomes  continuous  with  the  capsular 
licrament  of  the  adjacent  joint.  It  consists  of  two  lavers,  an  outer  hbrous 
and  an  inner  cellular  layer,  the  latter  being  concerned  with  the  formation 

"'"'The  arrancrement  of  the  blood-vessels  determines  to  some  extent  the 
incidence  of  "certain  diseases  of  bone.  The  nutrient  artery,  after  euter- 
iucr  the  medullary  canal  through  a  special  loramen  in  the  conex 
bifurcates,  and  one  main  division  runs  towards  each  of  the  extremities 
of  the  bone,  and  terminates  at  the  ossilymg  junction  in  a  series  of 
cap  llary  loops  i.'ojected  against  the  epiphysial  cartilage.  This  arrange- 
me  it  of  cap  lla  y  loops  favours  the  lodgn.ent  ot  any  org.anisn.s  which 
may  be  cirlnilating  in  the  blood,  and  partly  accounts  or  the  frequency 
with  which  diseases  of  bacterial  origin  develop  m  the  region  of  t  e 
ossi  Yin-  iunction.  The  shaft  of  the  bone  ,s  also  nourished  by  numero, i. 
b  oocUvessels  from  the  penosteuTn,  which  penetrate  the  cortex  througl, 
the  Haversiau  canals  and  anastomose  with   those  derived   from  the 
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nutrient  artery.  The  epiphyses  are  nourished  by  a  separate  system  of 
blood-vessels,  derived  chiefly  from  the  arteries  which  supply  the  adjacent 
joint.  The  veins  of  the  marrow  are  of  large  calibre  and  are  devoid  of 
valves. 

The  nerves  enter  the  marrow  along  with  the  arteries,  and,  beino'  derived 
from  the  sympathetic  system,  are  probably  chiefly  concerned  with  the 
innervation  ot  the  blood-vessels,  but  they  are  also  cajjable  of  trans- 
niitting  sensory  impulses,  as  pain  is  a  prominent  feature  of  manv  bone 
atiections. 

The  function  of  the  2)eriosleum  is  to  form  new  bone.    In  diseased 
conditions  the  formation  of  new  bone  may  be  arrested,  retarded  or 
exaggerated.    In  anterior  poliomyelitis,  for  example,  the  function  of 'the 
penosteum  is  often  m  abeyance,  and  the  bones  are  abnormally  thin 
and  smooth.    Increase  in  the  activity  of  the  periosteum  results  in  an 
addition  to  the  thickness  or  girth  of  the  bone  ;  when  the  new  bone 
IS  added  in  a  uniform  layer  on  the  surface,  the  condition  is  spoken  of 
as  hyperostosis  ■  when  it  assumes  the  form  of  spicules  or  irregular  out- 
growths, these  are  spoken  of  as  osteophytes  ;  and  when  it  is  heaped  up  so 
as  to  form  a  circumscribed  elevation,  this  is  described  as  a  node 
_  The  marroiv  m  addition  to  its  blood-forming  functions,  is  concerned 
in  the  absorption  of  bone  which  is  in  excess  of  physiological  requirements 
Under  certain  conditions-and  especially  fvoL  the  prolonged  irritation 
caused  by  pyogenic  infection  or  by  syphilis-the  mal-row  afsume  active 
W  3'?^  functions.    This  may  lead  to  condensation  of  the  spongy 
bone  and  to  diminution  or  obliteration  of  the  medullary  canal,  whereb? 
the  bone  becomes  dense  and  heavy  ;  to  this  condition  the  term  sclerosis  is 
aplied.    When  the  periosteim.  and  marrow  are  simultaneoSlf  en"a'ec 
Jesuits.    ™         °^  "  '^^'^W^^tio^  of  hyperostosis  and^  scler?sTs 

Under  other  conditions  the  absorption  of  lime  salts  and  excavation 
of  bone  may  be  excessive,  and  the  shaft  may  become  soft  and  Wfl? 
so  that  It  IS  liable  to  bend  under  the  weighf  of  tliT  body  or  to  biel  - 
from  slight  violence  ;  this  rarefaction  of  the'boue  is  known  as  osteo  Jrosis 

Hypertrophy  of  lone  results  when  there  is  a  physiological  TnciCe  in 
the  bone-formmg  Inunctions  of  the  periosteum  or  of  tlie  maJrow  m-  of 
both  combmed,  and  atrophy  when  the  formation  of  bone  ™  Xded  n, 
aiTested,  or  absorption  is  in  excess  of  the  noimial     Tn  t1,!    f  i 

disc  th.a,i  in  thi  otKr  w  1"^/™*    1?.?   r"""^  ''"'f  «' 
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bacterial  diseases  originating  in  the  marrow,  if  the  epiphysial  junction 
is  directly  involved  in  the  destructive  process,  its  bone-forming  functions 
may  be  retarded  or  abolished,  and  the  subsequent  growth  of  the  bone 
be  seriously  interfered  with.  On  the  other  hand,  if  it  is  not  directly 
involved  but  is  merely  influenced  by  the  proximity  of  an  inflammatory 
process,  its  boue-formiug  functions  may  be  stimulated  and  the  growth 
of  the  bone  in  length  exaggerated.  In  paralysed  limbs  the  growth  from 
the  epiphyses,  although  sometimes  retarded  or  arrested,  is  usually  little 
short  of  the  normal.  The  result  of  interference  with  growth  is  more 
injurious  in  the  lowei-  than  in  the  upper  limb,  because,  from  the 
functional  point  of  view,  it  is  essential  that  the  lower  extremities 
should  be  approximately  of  equal  length.  In  the  forearm  or  leg,  where 
there  are  two  parallel  bones,  if  the  growth  of  one  is  arrested  the  con- 
tinued growth  of  the  other  results  in  a  deviation  ot  the  hand  or  foot  to 

°'^Iif*eertain  constitutional  diseases,  such  as  rickets  and  inherited 
syphilis,  dwarfing  of  the  individual  results  when  all  the  epiphyses  have 
their  activities  retarded.  i    ^  j 

Regeneration  of  Bone.— When  bone  has  been  lost  or  destroyed  as  a 
result  of  injury  or  disease,  it  is  capable  of  being  reproduced,  the  extent  to 
which  ret^eneration  takes  place  varying  under  ditterent  conditions,  ilie 
chief  part  in  the  regeneration  of  bone  is  played  by  the  periosteum,  in 
virtue  of  the  active  functions  possessed  by  the  osteoblasts  on  its  deep 
surface     Provided  the  periosteum  has  been  preserved,  the  whole  shaft  ot 
a  lonc^  bone  may  be  reproduced  after  having  been  destroyed  by  disease 
or  removed  by  operation.    The  reproductive  capacity  of  the  periosteum 
coverino-  the  epiphyses  is  usuaUy  more  restricted.    The  periosteum  of  the 
flat  bones  of  the  skull  and  of  the  bones  of  the  face,  which  are  prnnanly 
developed  in  membrane,  has  very  little  capacity  of  forming  new  bone  ; 
hence  when  bone  has  been  lost  or  removed  in  these  situations,  there 
often  results  a  permanent  defect,  even  although  the  periosteum  has  been 
preserved.    The  marrow  plays  a  minor  part  in  the  regeneration  of  bone. 

Wounds  or  defects  iu  articular  cartilage  are  repaired  by  the  formation 
of  fibrous  or  osseous  tissue  derived  from  the  subjacent  marrow.  ^ 
Transplantation  of  Bone-Bone-graflimj.-Theve  is  still  difterence  o 
opinion  as  to  the  fate  of  portions  of  bone  which  have  been  removed  from 
their  native  soil  and  implanted  elsewhere,  or  reimplanted  m  the  situation 
from  which  they  were  detached.    According  to  Barth  and  otl>ers.  t  h 
implanted  portion  of  bone  remains  quite  passive,  like  any  other  aseptic 
foreign  body,  such  as  ivory  or  calcined  bone,  an,l  is  gi-adually  pe"etrat  d 
by  the  surrounding  vessels  and  tissue  elements,  and  ^n^"/ '-"^lif ' , 
new  bone.    Clinical  experience,  however,  is  conclusive  that  a  poition  ot 
one  which  lias  been  completely  detached  from  its  surroundmgs-for 
example,  a  trephine  circle,  or  a  flap  of  bone  detached  with  the  sa^^N,  or 
the  bos^  fragiuents  in  a  compound  fiacture-may  ^xmte  if  replaced  m 
position  and°may  after  an  interval  present  a  surface  which  is  absolute  V 
Fntact  while  at  its  margins  it  is  firmly  and  pern,aneiitly  mex-rporated 
S  tl  e  surrounding  bone.     Embedded  foreign  bodies,  on  the  other 
ha  1    uch  as  ivory  Fgs  or  decalcified  bone,  exhibit,  on  remova  after  a 
X  IcntTnt^rvIl,  yidence  of  having  been  eroded  in  the  s  -F  ^f  -on  - 
eaten  depressions  and  perforations.    It  1^ ' 
nlantintc  of  living  bone  with  its  periosteum  is  decidedly  bettci  than  t  le 
Fmpla  t!ng  of  macerated  bone  or  other  foreign  material.     "  r>;-ti  ^  o  e 
may  fill  small  defects  ^^at.ll  a  fhap  of  l-"°«teum  and  bone  .^^^^^ 
tibia,  the  crest  of  the  ilium,  or  from  an  amputated  toe.    A\  litn  tue 
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of  a  long  boue,  such  as  tlie  liunierus  or  femur,  has  been  resected,  the 
fibuLa  from  tlie  same  subject,  or  the  tibia  from  a  recently  amputated 
limb,  may  be  inserted  into  the  gap. 

Transplanted  living  bone  retains  its  vitality,  not  only  when  embedded 
in  bone-forming  tissues,  but  also  when  embedded  in  the  soft  parts,  as  is 
evidenced  by  the  result  of  operations  in  which  bone  has  been  transplanted 
to  form  a  new  bridge  to  the  nose. 


DISEASES  OF  BONE 

The  different  morbid  processes  met  with  in  bone  originate  in 
the  same  way  and  lead  to  the  same  general  results  as  do  similar 
processes  in  other  tissues.  The  structural  peculiarities  of  bone, 
however,  and  the  important  changes  which  take  place  in  the 
skeleton  during  the  period  of  growth,  modify  certain  of  the 
clinical  and  pathological  features. 

Definition  of  terms.— Any  inflammatory  process  that  aflfects 
the  periosteum  is  spoken  of  as  periostitis;  the  tevm  osteomyelitis 
IS  employed  when  the  inflammation  occurs  in  the  marrow.  In 
using  these  terms,  however,  it  should  be  remembered  that  they 
indicate  only  the  seat  of  the  morbid  process,  but  give  no  infor- 
mation regarding  its  nature.  This  is  conveyed  by  prefixincr 
such  quahfying  adjectives  as  pyogenic,  tuberculous,  or  syphilitic 
to  the  terms  periostitis  or  osteomyelitis.  The  term  ostitis  is 
mtended  to  convey  the  idea  of  an  inflammatory  process  in 
bone  apart  from  periostitis  or  osteomyelitis ;  but  it  is  doubtful 
if  this  ever  occurs.  The  term  epiphysitis  has  been  applied  to 
an  inflammatory  process  in  two  distinct  situations— namely  the 
ossifying  nucleus  in  the  epiphysis,  and  the  ossifying  junction 
between  the  epiphysial  cartilage  and  the  diaphysis.  We  shall 
restrict  the  term  to  inflammation  in  the  first  of  these  situations 
inflammation  at  the  ossifying  junction  is  included  under  the 
term  osteomyelitis. 

The  term  rarefying  ostitis  is  applied  to  any  inflammatory 
process  which  is  attended  with  excessive  absorption  of  the 
framework  of  a  bone,  whereby  it  becomes  more  porous  or 
siwngy  than  it  was  before,  a  condition  known  as  osteoporosis 
ihis  IS  to  be  regarded  as  an  accompaniment  or  as  a  result 
ot  different  diseased  conditions,  rather  than  as  a  separate 

The  term  mries  is  employed  to  indicate  any  diseased  process 
associated  with  crumbling  away  of  the  framework  of  a  bone 
It  may  be  considered  as  the  equivalent  of  ulceration  in  soft 
parts.    The  carious  process  is  always  preceded  by  the  formation 
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of  granulation  tissue  in  the  marrow  or  periosteum,  and  the 
erosion  of  the  bone  in  contact  with  it.  The  subsequent 
caseation  or  liquefaction  of  the  granulation  tissue  results  in 
destruction  of  the  trabecular  framework,  whereby  the  bone 
is  rendered  soft  and  friable.  Clinically,  carious  bone  yields  a 
soft  grating  sensation  under  the  pressure  of  the  probe.  The 
student  should  regard  caries,  not  as  a  disease  in  itself,  but  as 
a  result  of  different  diseases,  and  should  therefore  always  add 
a  qualifying  adjective,  such  as  suppurative,  tuberculous,  or 
syphilitic,  which  will  indicate  its  nature. 

The  term  dry  caries  {caries  sicca)  is  applied  to  that  variety 
which  is  unattended  with  suppuration ;  it  is  illustrated  by  the 
changes  met  with  in  the  articular  surfaces  in  certain  forms  of 
tuberculous  disease  of  joints. 

Necrosis  is  the  term  applied  to  the  death  of  a  tangible 
portion  of  bone,  and  the  dead  portion  when  separated  is  called 
a  sequestrum.  The  term  exfoliation  is  sometimes  employed  to 
indicate  the  separation  or  throwing  off  of  a  superficial  seques- 
trum Necrosis  is  regarded  as  the  equivalent  of  sloughing  or 
gangrene  in  soft  parts,  and,  like  caries,  is  to  be  looked  upon  as 
the'result  of  disease  and  not  as  a  disease  in  itself. 


Bacterial  Diseases 

The  most  important  diseases  in  this  group  are  the  pyogenic, 
the  tuberculous,  and  the  syphilitic. 

Pyogenic  Diseases  of  Bone.— These  diseases  result  from 
infection  with  pyogenic  organisms,  and  are  most  commonly  met 
with  while  the  growth  of  the  skeleton  is  m  active  progress. 
The  organisms  reach  their  seat  of  action  m  the  bones  by  way 
of  the  blood-stream;  in  certain  cases  the  infection  takes  place 
directly,  either  through  a  wound  or  from  a  contiguous  area  ot 

'^'Diseases  caused  by  the  Staphylococcus  Aureus.— As  the 

majority  of  pyogenic  diseases  are  due  to  infection  with  the 
staphylococcus  aureus,  these  will  be  described  first. 

Acute  osteomyelitis  is  a  suppurative  process  beginning  m 
the  marrow  and  tending  to  spread  to  the  Pf"««teum^  The 
disease  is  common  in  children,  but  is  rare  after  the_  skele  on 
has  attained  maturity.  Males  are  affected  "^^^^  f ^^"^ J^^^^^ 
females,  in  the  proportion  of  three  to  one,  probably  because 
they  are  more  exposed  to  injury  and  to  violent  exertion 

Etiology. -Ir^U^i^on  takes  place  in  various  ways.  In  some 
cases  a  possible  source  of  infection  through  the  skin  exist,  m 
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the  foiTii  of  eczema,  acne  pustules,  small  infected  wounds,  or 
septic  conditions  at  the  umbilicus.  A  mucous  surface  is  perhaps 
a  more  frequent  site  of  entrance  of  the  cocci,  as,  for  example, 
excoriations  and  fissures  in  the  mouth  and  nose,  adenoids, 
small  tonsillar  abscesses,  or  intestinal  disturbances.  Staphylo- 
cocci may  enter  the  general  circulation  and  be  deposited  in  the 
marrow,  without  there  being  any  immediate  evidence  of  such 
infection,  or  only  such  a  minor  disturbance  of  health  as  is 
indicated  by  slight  indisposition  or  feverishness,  and  shooting 
"rheumatic"  pains  in  the  limbs.  That  they  are  capable  of 
lying  latent  is  evidenced  by  the  fact  that  the  disease  may  break 
out  afresh  many  years  after  apparent  cure. 

Such  conditions  as,  for  example,  a  blow  or  other  form  of 
injury,  some  extra  exertion  such  as  a  long  walk,  or  exposure  to 
cold,  as  in  wading,  may  act  as  localising  factors  in  the  produc- 
tion of  osteomyelitis. 

The  long  bones  are  chiefly  afiected,  and  the  following  are  the 
commonest  sites  of  the  disease:  either  end  of  the  tibia;  the 
lower  end  of  the  femur ;  the  upper  end  of  the  humerus ;  the 
ulna,  the  fibula,  the  radius;  the  metatarsals,  metacarpals,  or 
phalanges.  The  other  bones  of  the  skeleton  are  only  afi"ected 
in  rare  instances. 

Pathology. — As  a  rule  the  disease  commences  and  is  most 
intense  in  the  ossifying  junction  at  one  end  of  the  bone,  and 
primarily  affects  the  marrow.  It  may  commence  at  both  ends 
simultaneously— 6 ;>o?a?-  osteomyelitis;  or,  commencing  at  one 
end,  may  spread  to  the  other. 

The  changes  observed  in  the  marrow  are  those  of  intense 
inflammation,  gradually  going  on  to  purulent  infiltration. 
Where  the  process  is  most  advanced— that  is,  at  the  ossifyino- 
junction— there  are  evidences  of  absorption,  rarefaction,  and 
disappearance  of  the  framework  of  the  bone  ;  the  marrow  spaces 
and  Haversian  canals  are  enlarged  and  filled  with  greenish- 
yellow  pus.  The  cavities  thus  formed  often  communicate  with 
the  exterior  by  .holes  in  the  cortex,  through  which  the  pus  may 
escape.  The  veins  may  become  the  seat  of  thrombosis  and 
infective  phlebitis. 

The  inflammation  afl'ects  chiefly  the  shaft  of  the  bone  and 
necrosLs  of  a  considerable  portion,  or  even  of  the  entire  shaft 
takes  place  rapidly— hence  the  name  "  acute  necrosis  "  formerly 
applied  to  the  disease.  Doubtless  the  vitality  of  the  bone  is 
seriously  impaired  by  the  vascular  and  tissue  changes  which 
attend  the  process,  but  the  actual  death  is  the  result  of  the 
action  of  the  toxins. 
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The  process  may  remain  localised  to  the  ossifying  junction, 
may  spread  along  the  medullary  canal  for  a  varying  distance, 
or  may  extend  through  the  cortex  to  the  periosteum  by  way  of 
the  Haversian  canals.    It  then  presents  the  features  of  periosteal 
suppuration,  the  pus  accumulating  under  the  periosteum  and 
lifting  it  up  from  the  hone.    The  periosteum  of  the  diaphysis 
is  easily  separated— hence  the  facility  with  which  the  pus 
spreads  along  the  shaft;  but  in  the  region  of  the  ossifying 
junction  it  is  raised  with  difficulty,  because  of  its  intimate 
connection  with  the  epiphysial  cartilage.    Less  frequently  there 
are  several  collections  of  pus  under  the  periosteum,  each  bemg 
derived  from  a  focus  of  suppuration  in  the  subjacent  marrow. 
The  pus  perforates  the  periosteum,  and  makes  its  way  to  the 
surface  by  the  easiest  anatomical  route,  and  discharges  exter- 
nally forming  one  or  more  sinuses.    The  pus  may  spread  to  the 
adjacent  joint,  either  directly  through  the  epiphysis  and  articular 
cartilage,  or  by  burrowing  under  the  periosteum  and  capsu  e. 
When  the  epiphysis  is  intra-articular,  as,  for  example,  in  the 
head  of  the  femur,  the  pus  infects  the  joint  directly. 

While  the  occurrence  of  purely  periosteal  suppuration  is 
described  by  most  authors,  we  are  of  opinion  that  the  embolic 
form  of  osteomyelitis  always  originates  in  the  marrow. 

When  there  is  marked  absorption  and  destruction  of  bone  at 
the  ossifying  junction,  the  epiphysis  is  liable  to  be  separated— 
epiplivsiolysis.    The  separation  usually  takes  place  through  tlie 
ossifying  junction,  and  the  surfaces  of  the  diaphysis  and  epi- 
physis are  opposed  to  each  other  by  irregular  eroded  surfaces 
bathed  in  pus.    The  separated  epiphysis  may  be  maintained 
in  contact  with  the  diaphysis  by  the  periosteum  but  when  this 
has  been  detached  by  the  formation  of  pus  beneath  it,  the 
epiphysis  is  liable  to  be  displaced  by  muscular  action  or  bj 
some  movement  of  the  limb.     Except  in  cases  where  the 
epiphysis  is  displaced,  the  epiphysial  cartilage  usually  remain 
intact,  and  continues  its  bone-formmg  functions.     When  it 
has  been  seriously  damaged,  however,  the  further  grow  h  of 
the  bone  in  length  may  be  interfered  with._    ^^  hen  mtia- 
articular,  as  in  the  head  of  the  femur,  the  epiphysis  may  die 
and  separate  as  a  sequestrum.  „ff„^;n,, 
The  adjacent  joint  may  become  filled  with  a  serous  eflus  on 
which,  on  examination,  is  usually  found  to  be  sterile   J  hen 
pus  erupts  into  the  joint,  the  lesion  assumes  the  ^l^^^'^f;^;  «  J 
purulent  arthritis,  which,  from  its  frequency  during  the  eailiti 
years  of  life,  has  been  called  ihe  amie  artlmfis  ot  "'/««'^^; 
Osteomyelitis  is  rare  in  the  bones  of  the  carpus  and  tar.u., 
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and  the  associated  joints  are  usually  infected  from  the  outset. 
In  flat  bones,  such  as  the  skull,  the  scapula,  or  the  ilium, 
suppuration  usually  occurs  on  both  asj^ects  of  the  bone. 

Clinical  Feaiures. — The  con.stitutional  symptoms,  which  are 
due  to  the  associated  toxsemia,  vary  considerably  in  different 
cases.  In  mild  cases  they  may  be  so  slight  as  to  escape  recogni- 
tion. In  very  severe  cases  the  patient  may  succumb  before 
there  is  any  evidence  of  the  localisation  of  the  staphylococci  in 
the  bones.  In  average  cases  the  temperature  rises  rapidly  -with 
i\  rigor  and  runs  an  irregular  course  with  morning  remissions, 
there  is  marked  general  illness  accompanied  by  headache, 
vomiting,  and  sometimes  delirium  and  convulsions. 

The  first  local  manifestations  are  pain  and  tenderness  in 
relation  to  one  of  the  long  bones  ;  the  pain  may  be  so  severe  as 
to  prevent  sleep  and  to  cause  the  child  to  cry  out.  At  a  later 
stage  there  is  swelling  in  the  region  of  the  ossifying  junction, 
<]edema,  and  dilatation  of  the  superficial  veins. 

The  swelling  appears  earlier,  and  is  more  definite,  in  super- 
ficial bones,  such  as  the  tibia,  ulna,  or  clavicle,  than  in  those 
more  deeply  placed,  such  as  the  upper  end  of  the  femur  or 
humerus.  It  may  be  less  evident  to  the  eye  than  to  the  fingers, 
and  is  best  appreciated  by  palpating  the  bone  from  the  middle 
of  its  shaft  towards  the  end.  The  maximum  thickening  and 
tenderness  usually  correspond  to  the  junction  of  the  shaft  with 
the  epiphysis,  and  the  swelling  tails  off  gradually  towards 
the  diaphysis.  As  time  goes  on  there  is  diffuse  redness,  of  the 
skin,  especially  over  a  superficial  bone,  such  as  the  tibia.  The 
swelling  becomes  elastic  and  yielding,  and  gives  definite 
evidence  of  fluctuation.  This  stage  may  be  reached  at  the  end 
of  twenty-four  hours,  or  not  for  some  days. 

Suppuration  spreads  towards  the  surface,  until,  some  days 
later,  the  swelling  bursts  and  pus  escapes,  after  which  the  fever 
usually  remits  and  the  pain  and  other  symptoms  are  relieved. 
The  i)us  may  contain  blood  and  droplets  of  fat  derived  from 
the  marrow,  and  in  some  cases  minute  particles  of  bone  are 
present  also.  The  presence  of  fat  and  bony  particles  in  the 
pus  establishes  the  medullary  origin  of  the  suppuration. 

If  an  operation  is  performed,  the  periosteum  is  found  to  be 
raised  from  the  bone,  and  the  extent  of  the  bare  bone  will  be 
found  to  correspond  fairly  accurately  with  the  extent  of  the 
lesion  in  the  marrow. 

Local  Complications.  — The  adjacent  joint  may  exhibit 
symptoms  which  vary  from  those  of  a  simple  ell'usion  to  those 
of  a  purulent  arthritis.    The  joint  symptoms  may  account  for 
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little  in  the  clinical  picture,  or  may  so  predominate  as  to  over- 
shadow those  of  the  bone  lesion  from  which  they  originated. 

Displacement  of  the  epiphysis  may  take  place  insidiously, 
and  reveal  itself  by  an  alteration  in  the  attitude  of  the  limb, 
which  may  resemble  that  of  a  dislocation ;  it  is  nearly  always 
associated  with  suppuration  in  the  adjacent  joint. 

'^\iQn  pathological  fracture  of  the  shaft  oQcurs,  as  it  may  do, 
from  some  muscular  effort  or  strain  of  the  limb,  it  is  attended 
with  the  usual  signs  of  fracture. 

Pathological  dislocation  has  been  chiefly  observed  at  the 
hip ;  it  may  result  from  effusion  into  the  joint  with  stretching 
of  the  ligaments,  or  may  be  the  sequel  of  a  purulent  arthritis. 
Cases  have  been  met  with  in  which  there  is  suppurative  osteo- 
myelitis in  the  femur  on  one  side,  and  dislocation  of  the  hip 
without  suppuration  on  the  other. 

General  Complications. — In  some  cases  a  multiplicity  of 
lesions  in  the  bones  and  joints  imparts  to  the  disease  the 
features  of  pyaemia.  The  occurrence  of  septic  endocarditis,  as 
indicated  by  alterations  in  the  heart  sounds  and^  the  develop- 
ment of  murmurs,  may  cause  widespread  infective  embolism, 
and  metastatic  suppuration  in  the  internal  organs  as  well  as 
in  the  bones  and  joints.  The  secondary  suppurations  are  liable 
to  be  overlooked  unless  carefully  sought  for,  as  they  are  rarely 
attended  with  much  pain. 

In  these  forms  of  osteomyelitis  the  patient  is  dull  and  list- 
less, or  restless  and  talkative,  or  he  may  be  actually  delirious. 
The  tongue  is  dry  and  coated,  the  lips  and  teeth  are  covered 
with  sordes,  the  motions  are  constipated,  or  they  may  be  loose 
and  offensive,  and  may  be  passed  involuntarily.  The  tempera- 
ture is  remittent  and  'very  irregular,  the  pulse  small  and  rapid, 
and  the  urine  scanty,  and  it  may  contain  blood  and  albumen. 
Sometimes  the  skin  shows  erythematous  and  purpuric  rashes, 
bleeding  takes  place  from  the  nose  and  mouth,  bed-sores  form 
over  the  sacrum,  the  belly  becomes  swollen  and  sensitive,  and 
the  patient  may  cry  out  as  in  meningitis. 

Differential  Diagnosis.— Acwte  osteomyelitis  is  to  be  diagnosed 
from'  erysipelas,  cellulitis,  and  other  infections  of  the  soft 
parts,  and,  in  the  case  of  the  tibia,  from  erythema  nodosum. 
Tenderness  localised  to  the  ossifying  junction  is  one  of  the 
most  valuable  diagnostic  signs  of  osteomyelitis. 

When  there  is  early  and  pronounced  general  intoxication, 
the  severe  forms  of  osteomyelitis  are  most  likely  to  be  confused 
with  certain  fevers,  such  as  scarlet  fever.  In  all  febrile  con- 
ditions in  children  and  in  young  adults,  the  ossifying  junctions 
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of  the  long  bones  should  be  examined  for  areas  of  pain  and 
tenderness. 

Acute  osteomyelitis  has  many  features  in  common  with 
rheumatic  fever,  and  some  authorities  believe  them  to  be 
different  forms  of  the  same  disease  (Kocher,  Sahli).  In 
acute  rheumatism,  however,  the  joint  symptoms  and  signs  pre- 
dominate, there  is  an  absence  of  suppuration,  and  the  pains  and 
temperature  yield  to  salicylates  much  more  decidedly  than  in 
osteomyelitis. 

The  prognosis  varies  with  the  type  of  the  disease,  with  its 
location — the  vertebrae,  skull,  pelvis,  and  lower  jaw  being 
specially  unfavourable — with  the  multiplicity  of  the  lesions, 
and  with  the  development  of  septic  endocarditis  and  internal 
metastases. 

Treatment. — This  is  carried  out  on  the  same  lines  as  in  other 
suppurative  diseases. 

In  the  earliest  stages  of  the  disease,  the  induction  of  hyper- 
femia  for  from  twenty  to  twenty-two  hours  per  day  is  the  most 
efficient  method  of  treatment.  When  the  disease  is  further 
advanced  and  pus  has  formed,  this  should  be  let  out,  prefer- 
ably by  opening  into  the  marrow  in  the  vicinity  of  the  ossifying 
junction,  by  means  of  a  drill,  gouge,  or  trephine.  Instead  of 
packing  the  cavity  as  was  formerly  the  practice,  Bier  recom- 
mends that  the  skin  edges  should  be  brought  together  by 
sutures  from  four  or  five  centimetres  apart ;  these  are  loosely 
tied  to  afford  sufficient  space  between  them  for  the  free  ejit  of 
discharge,  and  the  hypersemic  treatment  is  continued.  Even 
although  necrosis  of  the  bone  may  not  be  prevented  by  these 
measures,  it  would  appear  that  the  hypereemia  favours  the 
formation  of  new  bone  encasing  the  sequestrum,  and  also 
hastens  the  loosening  of  the  latter. 

When  there  is  widespread  suppuration  in  the  marrow,  and 
the  bone  is  extensively  bared  of  periosteum  and  appears  likely 
to  die  en  masse,  the  shaft  may  be  resected  either  at  this  stage 
or  after  an  interval  of  two  or  three  days.  Resection  of  the 
shaft  is  also  indicated  if  the  opening  of  the  medullary  canal  is 
not  followed  by  relief  of  symptoms. 

Amputation  of  the  limb  is  reserved  for  very  grave  cases,  in 
which  life  is  endangered  by  toxtemia.  It  may  be  called  'for 
later  if  the  limb  is  likely  to  be  useless,  as,  for  example,  when 
the  whole  shaft  of  the  bone  is  dead  without  the  formation  of  a 
new  case,  when  epiphyses  are  displaced  and  the  adjacent  joints 
are  disorganised. 

Flat  bones,  such  as  the  skull  or  ilium,  must  be  trephined  and 
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the  pus  cleared 


out  from  both  aspects  of  the  bone.  In  the 
vertebrae,  operative  interference 
is  usually  restricted  to  opening 
and  draining  any  associated 
abscess. 

In  cases  loliich  are  left  to 
nature,  and  in  which  necrosis  of 
bone  has  occurred,  those  portions 
of  the  periosteum  and  marrow 
which  have  retained  their  vit- 
ality, resume  their  osteogenetic 
functions,  often  to  an  exagger- 
ated degree.  Where  the  peri- 
osteum has  been  lifted  up  from 
the  shaft  by  an  accumulation  of 


pus,  or  IS 


Fia.  233.— Shaft  of  Femur  after 
Acute  Osteomyelitis.  The  shaft 
has  undergone  extensive  necrosis, 
and  a  shell  of  now  bone  has  been 
formed  by  the  periosteum. 


partly  absorb  it.     The  bone  in  process 


m  contact  with  bone 
which  is  dead,  it  proceeds  to 
form  new  bone  with  great  activ- 
ity, so  that  the  dead  shaft  be- 
comes surrounded  by  a  sheath  or 
case  of  new  bone,  known  as  the 
involiicrum  (Fig.  233).  AATiere 
the  periosteum  has  been  per- 
forated by  pus  making  its  way  to 
the  surface,  there  are  defects  or 
holes  in  the  involucrum,  called 
doacoe.     As  these  correspond 
more  or  less  in  position  to  the 
sinuses  in  the  skin,  in  passing  a 
probe  down  one  of  the  sinuses 
it    usually    passes   through  a 
cloaca  and  strikes  the  dead  bone 
lying  in  the  interior.    If  the 
periosteum  has  been  extensively 
destroyed,  new  bone  may  only 
be  formed  in  small  patches  here 
and  there,  or  not  at  all.  The 
tissue  cells  and  capillary  loops 
on  the  internal  aspect  of  the 
new   case    form   a  lining  of 
granulations  which,  if  in  imme- 
diate contact  with  the  denuded 
bone,  eat  into  its  surface  and 
of  separation  thus 
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acquires  a  pitted,  grooved,  or  worm-eaten  appearance,  and 
undergoes  diminution  in  size.  If  the  periosteal  surface  of  the 
bone  is  bathed  in  pus,  it  remains  smooth  and  intact.  The 
separation  of  the  dead  bone  from  the  living  is  effected  by 
granulation  tissue  aided  by  osteoclasts,  which  eat  into  the 
living  as  well  as  into  the  dead  bone,  so  that  separation  takes 
place  at  the  expense  of  both.  Ultimately  the  dead  bone  be- 
comes loose  and  forms  a  sequestrum  which  is  usually  white, 
but  may  be  discoloured  by  the  products  of  decomposition. 
The  separation  of  the  sequestrum  takes  place  more  rapidly  in 
the  spongy  bone  of  the  ossifying  junction  than  in  the  compact 
bone  of  the  shaft. 

When  foci  of  suppuration  have  been  scattered  up  and  down 
the  medullary  cavity,  and  the  bone  has  died  in  patches,  several 
sequestra  may  be  included  by  the  new  case ;  each  portion  of 
dead  bone  is  slowly  separated,  and  comes  to  lie  in  a  cavity 
lined  by  granulations. 

As  a  result  of  formation  of  new  bone  by  the  marrow,  the 
medullary  canal  may  be  obliterated,  and  the  bone  becomes 
heavier  and  denser,  and  is  said  to  be  sclerosed.  Wherever  the 
periosteum  has  not  been  detached,  the  new  bone  which  it 
forms  is  deposited  on  the  original  shaft,  and  results  in  an 
increase  in  the  girth  of  the  bone — hyperostosis. 

Pathological  fracture  of  the  shaft  may  occur  at  the  site  of 
necrosis,  when  the  new  case  is  incapable  of  resisting  the  strain 
put  upon  it,  and  is  most  frequently  met  with  in  the  shaft  of 
the  femur.  Short  of  fracture,  there  may  be  bending  or  curving 
of  the  new  case,  and  this  results  in  deformity  and  shortening 
of  the  limb  (Fig.  234). 

The  extrusion  of  a  sequestrum  may  occur,  provided  there  is 
a  cloaca  large  enough  to  allow  of  its  escape,  but  the  surgeon 
has  usually  to  interfere  by  performing  the  operation  of  seques- 
trectomy. Displacement  or  partial  extrusion  of  the  dead  bone 
may  cause  serious  complications,  as  when  a  sequestrum  derived 
from  the  trigone  of  the  femur  perforates  the  popliteal  artery  or 
the  cavity  of  the  knee-joint,  or  a  sequestrum  of  the  pelvis 
perforates  the  wall  of  the  urinary  bladder.  cuvtL 

The  extent  to  which  bone  which  has  been  lostis  reproduced 
varies  in  different  parts  of  the  skeleton  :  while  the  long  bones 
the  scapula,  the  lower  jaw,  and  other  bones  which  are  developed 
m  cartilage  are  almost  completely  reproduced,  bones  which  are 
entirely  developed  in  membrane,  such  as  the  Hat  bones  of  the 
Skull  and  the  upper  jaw,  are  not  usually  reproduced. 

bequelm  of  Acute  Suppurative  Osteomyelitis.—The  commonest 
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sequel  is  the  presence  of  a  sequestrum  with  one  or  more  dis- 
charging sinuses ;  these  sinuses  have  rigid  edges  which  are 
iisually  depressed  and  adherent  to  the  subjacent  bone. 

Tlie  Recognition  and  Removal  of  Sequestra. — So  long  as  dead 
bone  remains  in  position,  there  will  be  suppuration  from  the 
granulations  lining  the  cavity  in  which  it  lies,  and  a  discharge 
of  pus  from  the  sinuses. 

The  dead  bone  may  be  evident  to  the  eye,  but  it  is  usually 
only  recognised  on  passing  a  probe  down  a  sinus.    It  is  not 

easy  from  such  examination  to  deter- 
mine the  size,  character,  or  number  of 
the  sequestra,  or  to  be  certain  that 
they  are  loose,  but  these  points  may 
be  cleared  up  by  examination  with 
the  X-rays. 

The  traditional  practice  is  to  wait 
until  the  dead  bone  is  entirely  separ- 
ated before  undertaking  any  operation 
for  its  removal,  from  fear,  on  the  one 
hand,  of  leaving  portions  behind 
which  may  afterwards  die,  or,  on  the 
other,  of  removing  more  bone  than  is 
necessary.  In  our  opinion  this  prac- 
tice need  no  longer  be  rigidly  adhered 
to,  as  by  operatmg  at  an  earlier  stage 
healing  is  greatly  hastened.  If  it 
is  decided  to  wait  for  separation  of 
the  dead  bone,  drainage  should  he 
improved,  and  the  septic  element 
combated  by  the  induction  of  hyper- 
semia. 

The  operation  for  the  removal  of 
the  dead  bone  {sequestrectomy)  con- 
sists in  upouiiig  up  periosteum  and  the  new  case  suffi- 
ciently to  allow  of  the  removal  of  all  the  dead  bone,  mc  ud- 
the  most  minute  sequestra,  and  infected  granulation 
tislue.  The  limb  having  been  rendered  bloodless,  existing 
sinuses  are  enlarged,  but  if  these  are  inconveniently  situated— 
for  example,  in  the  centre  of  the  popliteal  space  m  necrosis 
of  the  femoral  trigone— it  is  better  to  make  a  fresh  wound 
down  to  the  bone  on  that  aspect  of  the  limb  which  aflfords 
the  best  access,  and  which  entails  the  least  injury  of  tne 
overlying  soft  parts.  The  periosteum,  which  is  thick  ana 
easily  separable,  is  raised  from  the  new  case  with  an  elevator, 


Fig.  234. — Large  Seqiiestrum 
of  Lower  Part  of  Shaft  of 
Femur  partly  surrounded  by 
New  Bone  ;  the  latter  is 
bent  as  a  result  of  fracture 
which  took  place  2\  years 
before  amputation. 
(Museum,  Eoyal  College  of 
Surgeons,  Edinburgh.) 

sists  in  opening  up  the 
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and  with  the  chisel  or  gouge  enough  of  the  newly  formed  bone 
is  taken  away  to  allow  of  the  removal  of  the  sequestrum. 
Care  must  be  taken  not  to  leave  behind  any  fragment  of  dead 
bone,  as  this  will  interfere  with  healing,  or  may  determine  a 
relapse  of  suppuration. 

The  dead  bone  having  been  removed,  the  lining  granulations 
are  scraped  away  with  a  sharp  spoon,  and  the  cavity  is  dis- 
nfected. 

There  are  different  ways  of  dealing  with  a  hone  cavity.  It 
may  be  packed  with  iodoform  gauze,  which  is  changed  at 
intervals  until  healing  takes  place  from  the  bottom ;  it  may  be 
filled  with  a  flap  of  bone  and  periosteum  raised  from  the 
vicinity,  or  with  bone  grafts ;  or  the  wall  of  bone  on  one  side 
of  the  cavity  may  be  chiselled  through  at  its  base,  so  that  it 
can  be  brought  into  contact  with  the  opposite  wall.  The 
method  of  filling  bone  cavities  devised  bv  Mosetig-Moorhof, 
consists  in  disinfecting  and  drying  the  cavity  by  a  current  of 
hot  air,  and  filling  it  with  a  mixture  of  powdered  iodoform 
(60  parts)  and  oil  of  sesame  and  spermaceti  (each  40  parts) 
which  IS  fluid  at  a  temperature  of  112°  F.j  the  soft  parts  are 
then  brought  together  without  drainage.  As  the  cavity  fills 
up  with  new  bone  the  iodoform  is  gradually  absorbed. 

Such  procedures  may  be  carried  out  at  the  same  time  as  the 
sequestrum  is  removed,  or  after  an  interval. 

The  deformities  resulting  from  acute  osteomyelitis  are  more 
marked  the  earlier  in  life  the  disease  occurs.  Shortenvnn  is 
not  uncommon  from  interference  with  growth  at  the  ossifvincr 
junction  Exaggerated  groidli  in  the  length  of  a  bone  is  rare'' 
and  has  been  observed  chiefly  in  the  bones  of  the  leg  Where 
there  are  two  parallel  bones-as  in  the  leg,  for  example-the 
growth  of  the  diseased  bone  may  be  impaired,  and  the  other 
continuing  its  normal  growth  becomes  disproportionately  Ion-  ■ 
less  frequently  the  growth  of  the  diseased  bone  is  exagirated ' 
and  It  becomes  the  longer  of  the  two.  In  either  ca'se,  the 
longer  bone  becomes  curved.    An  oUiquUy  of  the  bone  mav 

and  the  other  half  continues  to  form  bone,  and  this  gives  rise 
to  siich  deformities  as  knock-knee  and  club-hand 

-Deformity  may  also  result  from  vicious  union  of  a  nntho 
ogical  fracture,  permanent  displacement  of  an  epiphysis  con" 
tracture,  ankylosis,  or  dislocation  of  the  adjacent  oint 

Serous  or  Albuminous  Osteomyelitis  and  Periostitis  -This 
IS  a  mi  d  localised,  and  rare  form  of  the  disease  due  to  . 
attenuated  v.rus,  and  accompanied  by  an  effusioi'i  of  serous 
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fluid  under  the  periosteum,  but  with  no  tendency  to  pass  on 
to  suppuration  or  to  be  followed  by  necrosis. 

Growth  fever  is  also  sometimes  to  be  regarded  as  an  attenu- 
ated form  of  osteomyelitis,  which  results  in  an  exaggerated 
growth  in  length  of  the  bones  affected.  It  is  probably  one 
of  the  causes  of  the  condition  popularly  known  as  "  growing 
pains." 

The  milder  cases  are  not  attended  with  fever,  the  child 
complains  of  vague  evanescent  pains,  and  of  feeling  tired,  so 
that  he  is  disinclined  to  go  about. 

In  the  more  severe  forms  the  child  is  obviously  ill,  is,  weary, 
and  disinclined  to  get  up,  has  pains  in  the  head  and  in  the 
region  of  the  joints  of  the  limbs,  and  towards  evenmg  the 
temperature  may  rise  considerably.  The  illness  is  sometunes 
sudden  and  acute,  and  may  last  for  two  or  three  days ;  or  it 
may  be  milder  and  more  prolonged,  and  there  may  be  several 
relapses  within  twelve  months. 

During  the  persistence  of  the  pains  the  child  should  be  kept 
at  rest  with  the  affected  limb  immobilised. 

Relapsing  Osteomyelitis.— As  the  term  indicates,  the  various 
forms  of  relapsing  osteomyelitis  all  date  back  to  an  antecedent 
attack,  and  their  occurrence  depends  on  the  capacity  of  staphylo- 
cocci to  lie  latent  in  the  marrow.  _ 

Relapse  may  take  place  within  a  few  months  of  the  origin^ 
attack,  or  not  for  many  years,  and  there  may  be  repeated 
outbreaks.  Cases  are  sometimes  met  with  m  which  outbreaks 
recur  at  regular  intervals  for  several  years,  the  tendency, 
however,  being  for  the  attacks  to  become  milder  as  the 
virulence  of  the  organisms  becomes  attenuated.  Osteoniyehtis 
in  a  patient  over  twenty-five  is  nearly  always  of  the  relapsmg 

^^""cmical  Features— In  some  cases  the  bone  becomes  enlarged, 
and  the  patient  complains  of  pain  and  tenderness  on  pressure ; 
in  others  there  are  the  usual  phenomena  which  attend  suppui^ 
ation,  but  the  pus  is  slow  in  coming  to  the  surface,  and  the 
constitutional  symptoms  are  slight.  The  pus  may  escape  by 
new  channels,  or  one  of  the  old  sinuses  may  re-open,  it  a 
sequestrum  forms,  it  is  usually  walled  in  by  new  bone  and 
difficult  to  discover.  .  with 

Treatment. -In  cases  of  hyperostosis  and  sclerosi.  witb 
persistent  and  severe  pain,  if  relief  is  not  afforded  by  t^ 
■epeated  application  of  blisters,  the  thickened  pe"oste|m 
should  be  iicised,  and  the  bone  opened  up  wit  th^  ch  sel 
or  trephine.    In  cases  attended  with  suppuration,  the  swelling 
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is  incised  and  drained,  and  if  there  is  a  sequestrum,  it  must  be 
removed. 

Circumscribed  Abscess  of  Bone — "  Brodie's  Abscess." — 

The  most  important  form  of  relapsing  osteomyelitis  is  the 
circumscribed  abscess  of  bone  described  first  by  Benjamin 
Brodie.  It  is  usually  met  with  in  young  adults.  Several 
years  may  intervene 
between  the  original 
attack  of  osteomyel- 
itis and  the  onset  of 
symptoms  of  abscess. 

Morbid  Anatomy.^ 
—  The  abscess  is 
nearly  always  situ- 
ated in  the  central  axis 
of  the  bone  in  the 
region  of  the  ossify- 
ing junction,  although 
cases  are  occasionally 
met  with  in  which  it 
lies  nearer  the  middle 
of  the  shaft.  In  ex- 
ceptional cases  there 
is  more  than  one 
abscess  (Fig.  235). 
The  tibia  is  the  bone 
most  commonly 
affected,  but  the 
lower  end  of  the 
femur,  or  either  end 
of  the  humerus,  may 
be  the  seat  of  the 
abscess.  In  the  qui- 
escent stage  the  lesion 
is  represented  by  a  235.— Segmeut  of  Tibia  resected  for  Brodie's 
small  cavity  in  the  abscesses  '^^^^  •'*Peci"ien  sliows  two  separate 
bone,  filled  with  clear 

serum,  and  lined  by  a  fibrous  membrane  which  is  engaged 
in  forming  new  bone.  Around  the  cavity  the  bone  is  sclerosed, 
and  the  medullary  canal  may  be  obliterated.  AVhen  the 
process  goes  on  to  the  formation  of  an  abscess,  the  contents 
ot  the  cavity  are  transformed  into  a  greenish-yellow  pus 
irom  which  the  staphylococcus  can  be  isolated,  and  the 
^  Alexis  Thomson,  Edin.  Med.  Jour  a.,  1906. 
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cavity  is  lined  by  a  tliin  film  of  granulation  tissue,  which 
erodes  the  surrounding  bone  and  so  causes  the  abscess  to 
increase  in  size.  If  the  erosion  proceeds  uniformly,  the 
cavity  is  spherical  or  oval ;  if  it  is  more  active  at  some  points 
than  others,  diverticula  or  tunnels  are  formed,  and  one  of 
these  may  finally  erupt  through  the  shell  of  the  bone  on  a 
periosteal  surface  or  into  an  adjacent  joint.  Small  irregular 
sequestra  are  occasionally  found  within  the  abscess  cavity.  In 
long-standing  cases  it  is  common  to  find  extensive  oblitera- 
tion of  the  medullary  canal,  and  an  increase  in  the  girth  of  the 
bone  from  new  formation  by  the  periosteum. 

The  size  of  the  abscess  ranges  from  that  of  a  cherry  to  that 
of  a  walnut,  but  specimens  found  in  museums  show  that,  if  left 
to  nature,  the  abscess  may  attain  much  greater  dimensions. 

The  afi'ected  bone  is  not  only  thicker  and  heavier  than 
normal,  but  may  also  be  curved  or  otherwise  deformed. 

The  clinical  features  are  almost  exclusively  local.  Pain,  due 
to  tension  within  the  abscess,  is  the  dominant  symptom.  At 
first  it  is  vague  and  difficult  to  localise,  later  it  is  referred  to 
the  interior  of  the  bone,  and  is  described  as  "boring."  It  is 
aggravated  by  using  the  limb,  and  there  are  often,  especially 
during  the  night,  exacerbations  in  which  the  pain  becomes 
excruciating.  In  the  early  stages  there  are  remissions  of  days 
or  weeks,  during  which  the  symptoms  entirely  disappear,  but 
as  the  abscess  increases  these  become  shorter,  until  the 
patient  is  hardly  ever  free  from  pain.  Localised  tenderness 
can  almost  always  be  elicited  by  percussion,  or  by  pressing  the 
bone  between  the  fingers  and  thumb.  The  pain  induced  by 
the  traction  of  muscles  attached  to  the  affected  bone,  or  by 
the  strain  of  the  weight  of  the  body,  may  interfere  with  the 
function  of  the  limb,  and  in  the  lower  extremity  cause  a 
limp  in  walking.  The  limb  may  be  disabled  from  involvement 
of  the  adjacent  joint,  in  which  there  may  be  an  intermittent 
hydrops  which  comes  and  goes  coincidently  with  exacerbations 
of  pain ;  or  the  abscess  may  perforate  into  the  joint  and  set  up 
an  acute  arthritis. 

The  differential  diagnosis  of  Brodie's  abscess  from  other 
affections  met  with  at  the  ends  of  long  bones,  and  particularly 
from  tuberculosis,  syphilis,  and  new  growths,  is  made  by  a 
consideration  of  the  previous  history,  especially  with  refereiice 
to  an  antecedent  attack  of  osteomyelitis.  Examination  with 
the  X-rays  reveals  in  a  considerable  number  of  cases  an  lU- 
defined  light  area  in  the  centre  of  a  dark  shadow;  if  the  zone 
of  sclerosis  around  the  abscess  is  well  marked,  this  light  area 
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is  wanting,  and  a  uniform  dark  shadow  is  cast,  which  of  itself 
is  usually  sufficient  to  exclude  a  central  gumma  or  new  growth. 
When  the  adjacent  joint  is  implicated,  the  surgeon  may  be 
misled  by  the  patient  referring  his  symptoms  to  the  joint 
rather  than  to  the  bone. 

Treatment. — If  an  abscess  is  suspected,  there  should  be  no 
hesitation  in  exploring  the  interior  of  the  bone.  It  is  exposed 
by  a  suitable  incision,  and  the  periosteum  reflected,  the  bone 
opened  up  by  a  trephine  or  chisel,  and  the  presence  of  an 
abscess  may  be  at  once  indicated  by  the  escape  of  pus.  If, 
owing  to  the  small  size  of  the  abscess  or  the  density  of  the 
bone  surrounding  it,  the  pus  is  not  reached  by  this  procedure, 
the  bone  should  be  drilled  in  difl'erent  directions.  The  pus 
and  any  dead  bone  having  been  cleared  out,  the  cavity  is  dealt 
with  as  described  on  p.  637. 

Osteomyelitis  which  is  Chronic  from  the  Outset.— That 
there  is  a  chronic  form  of  pyogenic  osteomyelitis  has  only  been 
recognised  within  recent  years.  Formerly  it  was  confused 
with  syphilis  and  tubercle,  and  without  bacteriological  ex- 
amination it  is  still  difficult  to  diflferentiate  between  these 
affections.  Like  relapsing  osteomyelitis,  it  may  assume  the 
form  of  hyperostosis  and  sclerosis,  of  suppurative  osteomyelitis 
with  or  without  necrosis,  or  of  chronic  abscess  of  bone. 

Necrosis  without  swpimration,  described  by  Paget  under  the 
name  "quiet  necrosis,"  is  a  rare  disease,  and  would  appear 
to  be  associated  with  an  attenuated  form  of  staphylococcal 
infection  (Tavel).    It  occurs  in  adults,  being  met  with  uplo 
the  age  of  fifty  or  sixty,  and  is  characterised  by  the  insidious 
development  of  a  swelling  which  involves  a  considerable  extent  of 
a  long  bone.   The  pain  varies  in  intensity,  and  may  be  continuous 
or  intermittent,  and  there  is  tenderness  on  pressure.    The  shaft 
of  the  bone  is  increased  in  girth  as  a  result  of  its  beincr  sur- 
rounded by  a  new  case  derived  from  the  periosteum  The 
resemblance  to  sarcoma  may  be  very  close,  but  the  swelling  is 
not  as  defined  as  in  sarcoma,  nor  does  it  ever  assume  the 
characteristic  "leg  of  mutton"  shape.    In  both  diseases  there 
IS  .a  tendency  to  pathological  fracture.    It  is  difficult  also  to 
differentiate  the  condition  from  syphilitic  and  from  tuberculous 
rlisease     If  the  diagnosis  is  not  established  after  examination 
witli  the  X-rays,  an  exploratory  incision  should  be  made  •  if 
dead  bono  is  found,  it  is  removed.  ' 

Osteomyelitis  due  to  Pyogenic  Infections  other  than  the 
Staphylococcus  Aureus.-Tlie  staphylomcms  allms,  the  streuto 
coccus  pyogenes,  and  the  imeumoooccus,  for  example,  sometimes 
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cause  osteomyelitis,  particularly  in  young  subjects,  but  the 
disease  is,  as  a  rule,  of  a  milder  type  than  that  caused  by  the 
staphylococcus  aureus,  is  attended  with  less  profuse  suppura- 
tion, and  is  not  so  liable  to  be  followed  by  necrosis.  In  the 
streptococcal  and  pneumococcal  forms  the  adjacent  joint  is  not 
infrequently  affected. 

The  Typhoid  Bacillus.— hi  typhoid  fever  the  bone  marrow  is 
markedly  congested,  and  is  liable  to  be  invaded  by  bacilli 
which  may  set  up  osteomyelitis  soon  after  their  lodgment,  or 
may  lie  latent  for  a  considerable  period  before  doing  so.  The 
lesions  in  the  bones  may  be  single  or  multiple,  they  may 
involve  the  marrow  or  the  periosteum  or  both,  and  they  may 
or  may  not  be  attended  with  suppuration.  They  are  most 
commonly  met  with  in  the  tibia  and  in  the  ribs  at  the  costo- 
chondral  junctions. 

The  bone  lesions  usually  occur  during  the  seventh  or  eighth 
week  of  the  fever,  but  have  been  known  to  occur  much  later. 
The  chief  complaint  is  of  vague  pains,  at  first  referred  to 
several  bones,  later  becoming  localised  in  one ;  they  are  aggra- 
vated by  movement,  or  by  handling  the  bone,  and  are  worst 
at  nicfht.  There  is  redness  and  oedema  of  the  overlying  soft 
parts"  and  swelling  with  vague  fluctuation,  and  on  incision 
there  escapes  a  yellow  creamy  pus,  or  a  brown  syi-upy  fluid 
containing  the  typhoid  bacillus  in  pure  culture,    is^ecrosis  is 

exceptional.  ,  , 

When  the  abscess  develops  very  slowly,  the  condition  may 
resemble  tuberculous  disease,  from  which  it  may  be  diagnosed 
by  the  history  of  typhoid  fever,  and  by  obtainmg  a  positive 

Widal  reaction.  .       ,  ,    ,  i 

The  prognosis  is  favourable,  but  recovery  is  apt  to  be  slow, 

and  relapse  is  not  uncommon.  ■,   ^    ,  .1,^ 

It  is  usually  sufficient  to  incise  the  periosteum,  but  when  tlie 
disease  occurs  in  the  ribs  it  may  be  necessary  to  resect  portions 

Pyogenic  Diseases  of  Bone  due  to  Spread  of  Infection  from 
the  Soft  Parts— There  still  remain  those  forms  of  osteomyelitis 
which  result  from  infection  through  a  wound  involving  the 
bone  — for  example,  compound  fractures,  gun-shot  iniuries, 
osteotomies,  amputations,  resections,  or  operations  for  un-united 
fracture.  In  all  of  these  the  marrow  is  exposed  to  "^fectio  b> 
such  organisms  as  maybe  present  m  the  wound.  A  smu  ai 
form  of  osteomyelitis  may  occur  apart  from  a  yyoyxnA--\ox 
example,  infection  may  spread  to  the  jaws  from  lesions  of  the 
mouth ;  to  the  skull,  from  lesions  of  the  scalp  or  of  the  ciauial 
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bones  themselves — such  as  a  syjjhilitic  gumma  or  a  sarcoma 
which  has  f ungated  externally  ;  or  to  the  petrous  temporal, 
from  suppuration  in  the  middle  ear. 

The  lesions  included  in  this  group  have  become  much  rarer 
since  the  introduction  of  Listerian  surgery;  in  former  times  they 
were  commonly  met  with,  as  is  evid- 
enced by  the  number  of  specimens  in 
museums.  Those  in  the  University 
of  Edinburgh  were  derived  chiefly 
from  the  wars  in  the  Peninsula. 

The  most  common  is  an  osteomyelitis 
commencing  in  the  marrow  exposed  in 
the  wound,  which  presents  the  changes 
characteristic  of  ordinary  suppuration. 
In  amputation  stumps,  fungating 
granulations  may  protrude  from  the 
sawn  end  of  the  bone,  and  if  necrosis 
takes  place,  the  sequestrum  is  annular, 
affecting  the  cross  section  of  the  bone 
at  the  saw-line ;  or  tubular,  extending 
up  the  shaft,  and  tapering  off  above. 
The  periosteum  is  more  easily  de- 
tached, is  thicker  than  normal,  and  is 
usually  actively  engaged  in  forming 
bone.  In  the  macerated  specimen,  the 
new  bone  presents  a  characteristic 
coral-like  appearance,  and  may  be 
perfqrated  by  cloacae  (Fig.  236). 

Like  other  septic  infections,  it  may 
terminate  in  pyaemia,  as  a  result  of 
septic  phlebitis  in  the  marrow. 

The  clinical  features  of  osteomyelitis 
in  an  amputation  stump  are  those  of 
ordinary  pyogenic  infection  ;  the  bone 
lesion  may  not  even  be  recognised 
unless  the  bone  is  exposed  to  view. 
Healing  does  not  take  place  until 
the  sequestrum  is  thrown  off  or  removed. 

In  compound  fractures,  if  a  fragment  dies  and  forms  a 
sequestrum,  it  is  apt  to  be  walled  in  by  new  bone,  and  the 
sinuses  contmue  to  discharge  until  the  sequestrum  is  removed 
Lven  after  healing  has  taken  place,  relapse  is  liable  to  occur" 
especially  in  gun-shot  injuries.  Months  or  years  afterwards' 
either  without  apparent  cause  or  after  some  extra  strain  of  the 


Fig.  236. —New  Periosteal 
Bone  ou  surface  of  Femur 
from  Amputation  Stump. 
Osteomyelitis  supervened 
on  the  ami)utation,  and 
resulted  in  necrosis  at  the 
sawn  section  of  the  bone. 

(Anatomical  Museum,  Uni- 
versity of  Edinburgh.) 
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limb  or  exposure  to  cold  and  wet,  the  bone  may  become  pain- 
ful and  tender.    The  symptoms  may  subside  under  rest  and 

elevation   of    the   limb    and  the 
application  of   a   compress,  or  an 
alascess  forms  and  bursts  with  corn- 
el paratively    little    suffering.  The 
m  contents  may  be  clear  yellow  serum 
or  watery  pus ;  sometimes  a  small 
''  I  spicule  of  bone  is  discharged. 


TUBEECULOTJS  DISEASES 


The  tuberculous  diseases  of  bone 
result  from  infection  of  the  marrow 
or  periosteum  by  tubercle  bacilli 
conveyed  through  the  arteries  ;  it  is 
exceedingly  rare  for  tubercle  to 
appear  in  bone  as  a  primary  infec- 
tion, the  bacilli  being  usually  derived 
from  some  pre-existing  focus  in  the 
bronchial  glands  or  elsewhere.  These 
diseases  are  characterised  by  then: 
insidious  onset  and  slow  progress, 
and  by  the  frequency  with  which 
they  are  associated  with  disease  of 
the  adjacent  joint.  The  association 
of  bone  and  joint  disease  is 
explained  by  the  tendency  which 
tubercle  has  to  attack  the  articular 
extremities  of  long  bones  and  th-.  marrow  of  short  bones— for 
example,  those  of  the  carpus  or  tarsus.  Volkmann,  Konig, 
Watson  Cheyne,  and  Stiles  should  be  mentioned  as  among 
those  who  have  contributed  most  to  our  knowledge  of  the 
tuberculous  diseases  of  bone.  .      ,  ^ 

Tuberculous  Periostitis  is  met  with  in  the  ribs,  sternum 
spinal  column,  skull,  and  less  frequently  in  the  long  bones  of 
the  limbs.    It  may  originate  in  the  periosteum,  or  may  spread 
thence  from  the  marrow.  . 

In  superficial  bones,  such  as  the  sternum,  the  formation  of 
tuberculous  granulation  tissue  in  the  ^^-^^Pf  ..^^y^/'  .f^ 
periosteum,  and  its  subsequent  caseation  and  liquefac  on,  i^ 
^ZeM  hY  the  insidious  development  of  a  doughy  swelling  in 
r  aSon  to\he  bone,  which  is  not  as  a  rule  painful,  although 
t1    tender  on  pressure.     While  the  swelling  may  remain 


Fir.  237.  —  Tapering,  Tubular 
Sequestrum  of  Femur,  due 
to  Osteomyelitis  following 
amputation. 
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for  some  time  Avithout  change,  it  eventually  increases  in  size, 
becomes  boggy  or  fluctuating,  and  assumes  the  characters  of 
a  cold  abscess.    The  pus  perforates  the  fibrous  layer  of  the 
periosteum,  invading  and  infecting  the  overlying  soft  parts,  its 
spread  being  influenced  by  the  anatomical  arrangement  of 
the  tissues.    The  size  of  the  abscess  affords  no  indication  of  the 
extent  of  the  bone  lesion  from  which  it  originates.    As  the 
abscess  reaches  the  surface,  the  skin  becomes  of  a  dusky  red 
or  livid  colour,  is  gradually  thinned  out,  and  finally  gives  way, 
forming  a  sinus.    A  probe  passed  into  the  sinus  strikes  carious 
bone.    The  sinus  per- 
sists as  long  as  any 
active  tubercle  remains 
in  the  tissues,  and  is 
apt  to  form  an  avenue 
for  pyogenic  infection. 
Small    sequestra  may 
sometimes    be  found 
embedded  in  the  gran- 
ulation tissue  formed 
in  relation  to  the  peri- 
osteum. 

In  deeply  seated 
bones,  such  as  the 
upper  end  of  the  femur, 
the  formation  of  a  cold 
abscess  in  the  soft  parts 
is  often  the  first  evi- 
dence of  disease  in  the 
periosteum,  and  its  true 
source  and  nature  may 
only  be  recognised  on 
incising  the  abscess  and  exploring  its  interior. 

i)mr/«osi.s.— Before  the  stage  of  cold  abscess  is  reached,  the 
localised  swelling  over  the  bone  is  to  be  differentiated  from  a 
syphilitic  gumma,  from  chronic  forms  of  staphylococcal  osteomye- 
litis, from  certain  forms  of  enlarged  bursa  or  of  ganglion,  from 
subperiosteal  lipoma,  and  from  sarcoma.  Most  difficulty  may 
be  met  with  in  relation  to  periosteal  sarcoma,  which,  however 
is  characterised  by  its  rapid  and  continuous  progress,  by  the 
seventy  and  persistence  of  pain  in  spite  of  rest^.nd  by  the 

ffr;:i^.T:rr'""-    f"^^  °^  temperature  in  the  evening 
s  more  likely  to  be  present  in  cases  of  rapidly  growing  sarcoma 
than  in  tubercle,  unless  the  latter  is  complicated  with^pyogenic 


Fig.  238. — Tuberculous  Osteomyeliti.s 
Mcagnum,  excised  from  a  boy  ret.  8. 
well-defined    caseous   focus,  with 
minute  foci  in  surrounding  marrow. 
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infection.  The  X-rays,  in  the  case  of  tubercle,  show  a  super- 
ficial erosion  of  the  bone,  while  in  sarcoma  there  is  usually  a 
considerable  formation  of  new  bony  material.  After  employ- 
ing one  of  the  tuberculin  tests,  the  final  appeal  is  to  explor- 
atory incision,  and  to  histological  and  bacteriological  examina- 
tion of  the  diseased  tissue. 

The  early  recognition  of  periosteal  lesions  in  the  region 
of  the   articular  ends  of  long  bones  is  of  importance,  as 

the  disease,  when 
left  to  itself,  is 
liable  to  spread  to 
the  adjacent  joint. 

The  treatment  is 
that  of  tuberculous 
lesions  in  general ; 
if  conservative 
measures  fail,  the 
choice  lies  between 
the    injection  of 
iodoform,  and  open 
incision    and  re- 
moval  of   the  in- 
fected tissues  with 
the    sharp  spoon. 
In  the  case  of  the 
ribs  it  is  more  satis- 
factory to  remove 
the    diseased  por- 
tion of  bone.  If 
all  the  tubercle  has 
been  removed  and 
tbe  skin  is  healthy, 
the  wound  may  be 
stitched   up  with 
the  object  of  ob- 
taining primary 

union  ;  otherwise  it  is  treated  by  the  open  method. 

Tuberculous  Osteomyelitis. -Tuberculous  lesions  in  the 
marrow  occur  as  isolated  or  as  multiple  ^^^^^^ 
tissue,  which  replace  the  marrow  and  eat  away  the  tiabecui^ 
of  b  ke  in  the  licinity  (Fig.  238)  If  the  F'^-  ^^J--^;;' 
the  marrow  as  a  diffuse  caseous  infiltration  death  of 
considerable  scale  may  ensue,  giving  rise  to  ^eque  t  a  M  hen 
these  involve  an  articular  surface  they  are  usually  ^^ed„e 


Fig  239  —Advanced  Tuberciilous  Disease  in  region 
of  Ankle ^  The  ankle-joint  is  ankylosed,  and 
there  is  a  large  sequestrum  in  the  os  calcis. 

eSnecimen  in  Anatomical  Museum,  University 
^  ^  of  Edinburgh.) 
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shaped  (Fig.  294) ;  in  other  situations  they  are  rounded  or 
irregular.  When  the  death  of  bone  is  preceded  by  sclerosis, 
the  sequestrum  is  denser  than  normal  bone.  Finally,  the 
sequestrum  lies  loose  in  a  cavity  lined  by  tuberculous  granula- 
tion tissue.  In  diffuse  lesions  of  the  shaft  of  a  long  bone,  the 
continued  absorption  of  bone  in  the 
interior,  while  new  bone  is  laid  down 
by  the  periosteum,  results  in  an 
"  expansion "  of  the  bone  to  which 
the  name  spina  ventosa  was  formerly 
applied  (Figs.  240,  241). 

Clinical  Features. — As  a  rule,  it  is 
only  in  superficially  placed  bones, 
such  as  the  tibia,  ulna,  clavicle, 
lower  jaw,  or  phalanges,  that  tuber- 
culous disease  in  the  marrow  gives 
rise  to  signs  sufficiently  definite  to 
allow  of  its  clinical  recognition.  In 
the  vertebrae,  or  in  the  bones  of 
deeply  seated  joints,  such  as  the  hip 
or  shoulder,  the  existence  of  tuber- 
culous lesions  in  the  marrow  may 
only  be  inferred  from  indirect  signs 
— such,  for  example,  as  rigidity  and 
curvature  in  the  case  of  the  spine, 
or  from  the  symptoms  of  grave  and 
persistent  joint-disease  in  the  case  of 
the  hip  or  shoulder. 

With  few  exceptions,  tuberculous 
disease  in  the  interior  of  a  bone  does  Fig.  240^  —  Eulargemeut  of 
not  reveal  its  presence  until  by  ex- 
tension it  reaches  one  or  other  of  the 
surfaces  of  the  bone.  In  the  shafts 
of  long  bones  its  eruption  on  the 
periosteal  surface  is  usually  followed 
by  the  formation  of  a  cold  abscess 
in  the  overlying  soft  parts.  When 
situated  in  the  articular  ends  of 
bones,  the  disease  more  often  erupts  in  relation  to  the  reflec- 
tion of  the  synovial  membrane  or  directly  on  the  articular 
surface— in  either  case  giving  rise  to  disease  of  the  ioint 
(Fig.  266). 

Diffuse  tuberculous  osteomyelitis  of  the  shaft  of  a  long 
bone  IS  comparatively  rare,  and  has  been  observed  chiefly  in 


Lower  End  of  Humerus  and 
Upper  End  of  Ulna,  the 
result  of  Tuberculous  Osteo- 
myelitis. The  term  S2)ina 
ventosa  is  applicable  to  the 
condition  of  the  upper  end 
of  the  ulna. 

(Museum  of  Royal  CoIIejfe  of 
Surgeons,  Edinburgh.) 
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the  tibia  and  in  the  uhia  in  children  (Fig.  242).  The  disease 
commences  at  the  growing  extremity  of  the  diaphysis,  and 
spreads  along  the  medulla  to  a  variable  extent ;  it  is  attended 

by   the   formation   of   a    sheath  of 
new    periosteal    bone,    Avhich  causes 
thickening  of  the  diaphysis,  and  in 
the  early  stage  of  the  disease  this  is 
the  only  sign  present.    A  good  radio- 
gram will  not  only  confirm  the  diag- 
nosis, but,  in  many  instances,  demon- 
strates quite  distinctly   the  position, 
size,   and  shape   of  the  tuberculous 
focus,  the  presence  or  absence  of  a 
sequestrum,  and  the  thickness  and  ex- 
tent of  the  subperiosteal  sheath  of  new 
bone.    As  the  tuberculous  lesion  pro- 
gresses, first  the  cancellous,  then  the 
cortical,  and  ultimately  the  new  sub- 
periosteal bone  becomes  invaded  at  one 
or  other   part   of   its  circumference. 
Finally,  the  periosteum  gives  way,  and 
a  deep-seated  abscess  is  produced ;  this 
sooner  or  later  becomes  superficial,  and 
if  left   to  itself  ruptures  externally, 
leaving  a  chronic  sinus  (Stiles).  The 
method  of  treatment  usually  adopted 
is,  after  freely  opening  up  the  bone 
with  a  chisel,  to  gouge  and  scrape  away 
the  infected  tissues.    Tt  is  much  more 
satisfactory   to   resect  subperiosteally 
the  diseased  portion  of  the  diaphysis, 
the  bone  being  divided  with  a  wire 
saw  well  above  and  below  the  infected 
area  (Stiles). 

In  cancellous  hones,  such  as  those  of 
r-n    ■  the  tarstis,  there  is  caseous  infiltration 
nialPhalaux(,sijf«at'(;M(;o«a)in   the   marrow,    and  tliis   as  oiten 
in  Tuberculous  Dactylitis,   jittended  with   the  formation   of  se- 
questra either  in  the  interior  of  the 
bone  or  involving   its   outer  shell,  as  shown  in  Fig-  239. 
The  situation  and  extent  of  the  disease  are  usually  to  be 
recognised  in  X-ray  photographs.    After  the  tuberculous  graiiu- 
lation  tissue  erupts  through  the  cortex  of  the  bone  it  gives  ri.e 
to  a  cold  abscess  or  infects  adjacent  joints  and  tendon  sheaths. 
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If  an  exact  diagnosis  is  made  at  an  early  stage  of  the 
disease — and  this  is  often  possible  with  the  aid  of  X  rays — 
the  affected  bone  is  excised,  or  its  interior  is  cleared  out 
with  the  sharp  spoon  and  gouge,  the  latter  procedure  being 
preferred  in  the  case  of  the  os  colds  to  conserve  the  stability 
of  the  heel.  When  several  bones  and  joints  are  simultaneously 
affected,  and  there  are  sinuses  with  mixed  infection,  amputation 
is  usually  indicated,  especially  in  adults. 


Fig.  242.— biflu.se  Tuberculous  Osteomyelitis  of  Eight  Tibia. 
(Photograph  lent  by  Mr.  Stiles.) 

Tuberculous  dactylitis  is  the  name  applied  to  a  diffuse  form 
of  tuberculous  disease  affecting  the  phalanges,  metacarpal  or 
metatarsal  bones.  When  the  disease  has  originated  in  the 
marrow,  the  macerated  bone  may  present  the  appearance  of 
having  been  expanded— the  sjdna  venfosa  of  earlier  writers 
(Fig.  241)— due  to  the  replacement  of  the  original  bone  by 
granulation  tissue  and  the  continuous  formation  of  new  bone 
by  the  periosteum.  In  some  cases  the  shaft  of  the  bone  dies, 
in  part  or  in  its  entirety,  and  constitutes  a  sequestrum. 
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Although  dactylitis  is  usually  due  to  disease  in  the  marrow, 
it  may  also  result  from  disease  in  the  periosteum. 

The  clinical  features  are  those  of  a  spindle-shaped  SM'elling 
of  a  finger  or  toe,  indolent,  painless,  and  interfering  but  little 
with  the  function  of  the  digit  affected.  Recovery  may  eveiitually 
occur  without  suppuration,  but  in  untreated  cases  it  is  very 
common  to  have  the  formation  of  a  cold  abscess,  which  bursts 
and  forms  one  or  more  sinuses.  It  may  be  difficult  to  differ- 
entiate tuberculous  dactylitis  from  the  enlargement  of  the 

phalanges  in  inher- 
ited syphilis  (syphi- 
litic dactylitis), 
especially  when  the 
tuberculous  lesion 
occurs  in  a  child 
who  is  the  subject 
of  inherited  syphi- 
lis.   In  the  syphili- 
tic lesion,  skiagrams 
usually  show  a  more 
abundant  forma- 
tion of  new  bone, 
but  in  many  cases 
the  doubt  is  only 
cleared  up  by  ob- 
serving the  results 
tuberculin 
the  effects 
of    anti  -  syphilitic 
treatment. 

Treatment.— 
covery  under  con- 
servative measures 
is  not  uncommou, 
and  the  functional 
results  are  usually  much  better  than  those  following  npon 
operative  treatment,  although  in  either  case  the  atiectea 
fi,iger  is  liable  to  be  dwarfed  (Fig.  244).  The  fingers  shou  d 
be  immobilised  in  a  splint,  and  a  Bier's  bandage  applied  to 
the  upper  arm.  Operative  interference  is  indicated  i  a 
cold  abscess  develops,  if  there  is  a  persistent  .^^^us,  or  it  a 
sequestrum  has  formed,  a  point  upon  which  ^"fo^^f^^f 
obtained  by  examination  with  the  X-rays.  ^^  hen  th^  toe.  a  e 
allected,  amputation  should  be  recommended,  but  it  i»  lareiy 


of  the 
test  or 


Fig.  243.— Multiple  Tulaerculous  Dactylitis. 
(From  a  photograph  lent  by  Sir  George  T.  Beatson.) 
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Fig.  244. —Shortening  of  Middle  Finger  of 
Adult,  the  result  of  Tuberculous  Dactylitis 
in  childhood. 


called  for  in  the  fingers  unless  the  disease  is  threatening  to 
spread  along  the  lymphatics,  or  is  affecting  the  general  health. 
It  is  more  often  re- 
quired in  adults  than 
in  children. 


Syphilitic  Diseases 
OF  Bone 

Syphilitic  affections 
of  bone  may  be  met 
with  at  any  period  of 
the  disease,  but  the 
graver  forms  occur 
chiefly  in  the  tertiary 
stage  of  acquired  and 
inherited  syphilis.  The 
virus  is  carried  by  the 
blood-stream  to  all 
parts  of  the  skeleton, 
but  the  local  develop- 
ment of   the  disease 

appears  to  be  influenced  by  some  predisposition  on  the 
part  of  individual  bones,  and  by  external  factors  such  as 
injury.  _ 

Syphilitic  diseases  of  bone  are  much  less  common  in  practice 
than  those  due  to  pyogenic  and  tuberculous  infections,  and 
they  show  a  marked  predilection  for  certain  bones,  notably  the 
tibia,  sternum,  and  skull.  They  differ  from  tuberculous  affections 
in  the  frequency  with  which  they  attack  the  shafts  of  long  bones 
rather  than  the  articular  ends,  and  in  the  comparative  rarity  of 
joint  complications. 

Evanescent  periostitis  is  met  with  in  acquired  syphilis 
during  the  period  of  the  early  skin  eruptions.  The  patient 
complains,  especially  at  night,  of  pains  over  the  frontal 
bone,  ribs,  sternum,  tibite,  and  ulnse.  Localised  tenderness  is 
elicited  on  pressure,  and  there  is  slight  swelling,  which,  how- 
ever, rarely  amounts  to  what  may  be  described  as  a  periosteal 
node. 

In  the  later  stages  of  acquired  syphilis,  r/ummatous  jieriostitis 
and  osteomyelitis  occur,  and  are  characterised  by  the  formation 
in  the  periosteum  and  marrow  of  circumscribed  gummata  or 
of  a  diffuse  gummatous  infiltration.     The  framework  of  the 
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bone  is  rarefied  in  the  area  immediately  involved,  and  con 
densed  in  the  parts  beyond.  If  the  gummatous  tissue  de- 
generates and  breaks  down,  and  especially  if  the  overlying 
skin  is  perforated  and  septic  infection  is  superadded,  the  bone 
disintegrates  and  exhibits  the  condition  known  as  syphilitic 
caries ;  sometimes  a  portion  of  bone  has  its  blood-supply  so  far 
interfered  with  by  the  guminatous  tissue  that  it  dies — 
syphilitic  necrosis.  Syphilitic  sequestra  are  nearly  always 
heavier  and  denser  than  normal  bone,  because  sclerosis  usually 

precedes  necrosis.  The 
bones  specially  affected  by 
gummatous  disease  are : 
the  skull,  the  septum  of  the 
nose,  the  nasal  bones,  palate, 
sternum,  femur,  tibia,  and 
the  bones  of  the  forearm. 

In  the  hones  of  the  skull, 
gummata  may  form  in  the 
pericranium,  diploe,  or  dura 
mater.  An  isolated  gumma 
forms  a  firm  elastic  swell- 
ing, shading  ofi'  into  the 
surroundings.  Inthemacer- 
ated  bone  there  is  a  depres- 
sion or  an  actual  perforation 
of  the  calvaria;  multiple 
gumma  ta  tend  to  fuse  with 
one  another  at  their  mar- 
gins, giving  the  appearance 
of  a  combination  of  circles ; 
these  sometimes  surround 
an  area  of  bone  and  cut  it 
off  from  its  blood-supply  (Fig.  245).  If  the  overlying  skin  is 
destroyed  and  septic  infection  superadded,  such  an  isolated  area 
of  bone  is  apt  to  die  and  furnish  a  sequestrum  ;  the  separation 
of  the  dead  bone  is  extremely  slow,  partly  from  the  want  ot 
vascularity  in  the  sclerosed  bone  round  about,  and  partly  from 
the  density  of  the  sequestrum.  In  exceptional  cases  the  necrosis 
involves  the  entire  vertical  plate  of  the  frontal  bone.  There  is 
suppuration  between  the  bone  and  the  dura  (.suppurative 
pachymeningitis),  and  this  may  be  followed  by  cerebra  abscess 
or  by  pytemia.  Gummatous  disease  in  the  wall  of  the  orbii 
may  cause  protrusion  of  the  eye  and  paralysis  of  the  ocular 
muscles. 


Tig.  245.— Syphilitic  Disease  of  Skull,  show- 
ing areas  of  necrosis  in  process  of 
separation. 

(Museum  ot  Eoyal  College  of  Surgeons, 
Edinburgh.) 


LESIONS  OF  BONE  DUE  TO  SYPHILIS  653 


On  tlie  inner  surface  of  the  skull,  the  formation  of  gum 
matous  tissue  may  cause  pressure  on  the  brain  and  give  rise  to 
intense  pain  in  the  head,  Jacksonian  ejailepsy,  or  paralysis,  the 
symptoms  varying  with  the  seat  and  extent  of  the  gumma. 
The  cranial  nerves  may  be  pressed  upon  at  the  base  of  the 
skull,  especially  at  their  points  of  exit,  and  this  gives  rise  to 
symptoms  of  irritation  or  paralysis  in  the  area  of  distribution 
of  the  nerves  affected. 

In  the  septum  of  the  nose,  the  nasal  hones,  and  the  hard 
palate,  gummatous  disease  in  the  peri- 
osteum causes  ulceration,  which,  begin- 
ning in  the  mucous  membrane,  spreads 
to  the  bones,  and  being  complicated 
with  septic  infection  leads  to  caries 
and  necrosis.  In  the  nose,  the  disease 
is  attended  with  stinking  discharge 
(ozoena),  the  extrusion  of  portions  of 
dead  bone,  and  subsequently  with  de- 
formity characterised  by  loss  of  the 
bridge  of  the  nose ;  in  the  palate,  it  is 
common  to  have  a  perforation,  so  that 
the  air  escapes  through  the  nose  in 
speaking,  giving  to  the  voice  a  charac- 
teristic nasal  tone. 

Syphilitic  disease  of  the  tibia  may 
be  taken  as  the  type  of  the  affection 
as  it  occurs  in  the  long  hones.  Gum- 
matous disease  in  the  periosteum  may 
result  in  the  formation  of  a  well- 
defined  node,  or  the  whole  shaft  may 
become  the  seat  of  an  irregular  nodular 
enlargement  (Fig.  247).  If  the  bone 
IS  macerated,  it  is  found  to  be  heavier 
and  bulkier  than  normal;  there  is 
dififuse  sclerosis  with  obliteration  of  the 

medullary  canal,  and  the  surface  is  uneven  from  heapincr  up  of 
new  bone  by  the  periosteum— hyperostosis  (Yw  246)  If  a 
periosteal  gumma  breaks  down  and  invades  the  skfn,  a  syphilitic 
ulcer  IS  formed  with  carious  bone  at  the  bottom  (Ficr  248)  A 
central  gumma  may  eat  away  the  surrounding  bone%o  such  an 
extent  that  it  readily  undergoes  pathological  fracture.  In  the 
rare  cases  in  which  it  attacks  the  articular  end  of  a  long  bone 
gummatous  disease  may  implicate  the  adjacent  joint  and  c-ivo 
rise  to  syphilitic  arthritis.  * 


Fig.  246.— Syphilitic  Hyper- 
ostosis and  Sclerosis  of 
Tibia,  on  section  and  on 
surface  view. 
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Clinical  Features. — There  is  severe  boring  pain— as  if  a 
gimlet  were  being  driven  into  the  bone.  It  is  worst  at  night, 
sometimes  preventing  sleep,  and  has  been  ascribed  to  com- 
pression of  the  nerves  in  the  narrowed  Haversian  canals. 

The  periosteal  gumma  appears  as  a  smooth,  circumscribed 
swelling  which  is  soft  and  "elastic  in  the  centre  and  firm  at 
the  margins,  and  shades  off  gradually  into  the  surrounding 


Fig.  247.- Sabre-blade  Deformity  of  Left  Tibia  in  Inherited  Syphilis. 
(From  a  photograph  lent  by  Sir  Geor^je  T.  Beatson.) 

bone  The  swelling  may  disappear  entirely  or  may  give  place 
to  a  densely  hard  node.  In  some  cases  the  gumma^ softens  m 
the  centre,  the  skin  becomes  adherent,  thni,  and  red,  a  a 
finally  gives  way.  The  opening  in  the  skin  persists  as  a  smu., 
or  develops  into  a  typical  syphilitic  ulcer  ^v|th  irregular  cios- 
centic  margins;  in  either  case  a  prcje  ^'^veals  the  pres^^^^c^^  o 
carious  bone  or  of  a  sequestrum.  The  general  health  maj  e 
impaired  as  a  result  of  superadded  pyogenic  infection,  and  tne 
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absorption  of  toxins,  and  waxy  degeneration  in  the  viscera  may 
ultimately  be  induced. 

A  cenfml  gumma  in  a  long  bone  may  not  reveal  its  presence 
until  it  erupts  through  the  shell  and  reaches  the  periosteal  sur- 
face or  invades  an  adjacent  joint.  Sometimes  the  first  mani- 
festation is  a  fracture  of  the  bone  produced  by  slight  violence. 

In  radiograms  the  appearance  of  syphilitic  bones  is  often 
characteristic.  When  there 
is  hyperostosis  and  sclerosis, 
the  shadow  of  the  shaft  of 
the  bone  is  denser  and 
broader  than  normal,  and 
the  contour  is  uneven  or 
wavy.  When  there  is  a 
central  gumma,  the  shadow 
is  interrupted  by  a  rounded 
clear  area,  like  that  of 
chondroma  and  myeloma. 

Diagnosis.  —  The  condi- 
tions most  liable  to  be  mis- 
taken for  syphilitic  disease 
of  bone  are  chronic  staphy- 
lococcal osteomyelitis,  tuber- 
culosis, and  sarcoma;  and 
the  diagnosis  is  to  be  made 
by  the  history  and  pro- 
gress of  the  disease,  the 
result  of  examination  with 
the  X-rays,  and  the  effects 
of  specific  tests  and  medi- 
cines. 

Treatmerd. — The  general 
liealth  is  to  be  improved 
by  open  air,  by  nourish-' 
ing  food,  and  by  the  ad- 
ministration of  cod-liver  oil, 

iron,  and  arsenic.  Anti-syphilitic  remedies  should  be  given 
a  trial,  and  if  they  are  administered  before  there  is  any  destruc- 
tion of  tissue,  the  benefit  derived  from  them  is  usually  very 
decided.  In  certain  cases,  and  particularly  when  there  are 
destructive  changes  in  the  bone  complicated  with  septic  in- 
fection, specific  remedies  have  little  efi'ect.  In  cases  of  per- 
sistent or  relapsing  gummatous  disease  with  ulceration  of  skin, 
it  IS  often  necessary  to  remove  the  diseased  soft  parts  with  the 


Fig.  2d8.— Gunimatoiis  Disease  of  Tibite 
in  a  boy  ret.  10,  the  subject  of  an  Inherited 
Syphilis.  There  is  a  small  gummatous 
ulcer  just  above  left  wrist,  and  au 
unbroken  gumma  in  region  of  right 
elbow. 
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sharp  spoon  and  scissors,  and  to  gouge  or  chisel  away  the  un- 
healthy bone,  on  the  same  lines  as  in  tuberculous  disease. 
When  hyperostosis  and  sclerosis  of  the  bone  is  attended  with 
severe  pain  which  does  not  yield  to  blistering,  the  periosteum 
may  be  incised  and  the  sclerosed  bone  perforated  with  a  drill, 
gouge,  or  trephine. 

Lesions  of  the  Bones  in  Inherited  Syphilis.  —  Syphilis 
affects  the  bones  more  frequently  in  the  inherited  than  in  the 
acquired  form  of  the  disease.  The  lesions  in  infancy— epiphysitis, 
bossing  of  the  skull,  and  craniotabes — have  been  described  in 
the  chapter  on  inherited  syphilis. 

The  lesions  met  with  later  correspond  to  those  of  the  tertiary 
period  of  the  acquired  disease,  but  as  they  aflect  bones  which 
are  still  actively  growing,  they  may  interfere  with  the  increase 
of  the  bones  in  length.  Gummatous  disease  may  come  and  go 
over  periods  of  many  years,  with  the  result  that  the  external 
appearance  and  architectural  arrangement  of  a  long  bone  may 
be  profoundly  altered.  In  the  tibia,  for  example,  the  bone 
may  be  flattened  laterally  so  that  the  anterior  edge  is  sharp  and 
narrow;  or  the  shaft  may  be  thickened  and  lengthened  and 
curved  forwards— an  appearance  known  as  the  "sabre-blade  ' 

deformity  (Fig.  247).  . 

Treatment  is  carried  out  on  lines  similar  to  those  recom- 
mended in  the  acquired  disease.  In  view  of  the  comparative 
inefficacy  of  iodides  in  inherited  syphilis,  most  benefit  results 
from  measures  directed  to  improving  the  general  health.  When 
curvincr  of  the  tibia  causes  disability  in  standing  and  walking, 
the  bone  may  be  straightened  by  a  cuneiform  resection. 

SiipUlitic  dactylitis  is  met  with  chiefly  in  children,  it 
may  affect  any  of  the  fingers,  toes,  metacarpals  or  metatarsals 
but  is  commonest  in  the  first  phalanx  of  the  mdex-finger  or  of 
the  thumb.  Several  fingers  and  toes  may  be  attacked  at  the 
same  time  or  in  succession.  The  lesion  consists  in  a  gum- 
matous infiltration  of  the  soft  parts  surrounding  the  pha  anx 
or  may  take  the  form  of  a  gummatous  osteomyelitis,  or  these 
conditions  may  be  combined. 

The  segment  of  finger  becomes  the  seat  of  a  sweUing,  winch 
is  more  evident  on  the  dorsal  aspect,  and,  according  o  the 
distribution  and  extent  of  the  disease  it  is  acorn-shaped 
fusiform,  or  cylindrical.  It  is  firm  and  elastic,  and  but  slightlj 
painful  or  tender.  The  movements  of  the  fingers  are  impaii^d 
especially  if  the  joints  are  involved  In  its  early  s  nges  tl  e 
disease  is  amenable  to  anti-syphilitic  treatment,  and  may 
recover  completely. 
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If  imtreated,  the  degenerated  gummatous  tissue  approaches 
the  surface,  the  skin  over  it  becomes  thin  and  purple  and  gives 
way,  often  on  the  lateral  aspect  of  the  finger,  forming  a  sinus. 
The  disintegrated  bone  may  crumble  away  and  the  debris  escape 
in  the  discharge ;  the  formation  of  a  visible  sequestrum  is  ex- 
ceptional. Shortening  and  deformity  of  the  finger  follow  when 
the  bone  is  destroyed.  The  differential  diagnosis  from  tuber- 
culous dactylitis  has  been  described  with  that  disease.  Chon- 
droma of  the  phalanges  is  recognised  by  the  hardness  and 
definition  of  the  tumour,  and  by  the  appearances  seen  with  the 
X-rays. 

Hydatid  Disease 

This  rare  disease  results  from  the  lodgment  of  the  embryos 
of  the  taenia  echinococcus,  which  are  conveyed  to  the  marrow 
by  the  blood-stream.  In  contrast  to  what  is  observed  in 
hydatids  of  internal  organs  such  as  the  liver,  the  cysts  are 
small,  usually  about  the  size  of  a  pin-head,  and  they  are  present 
in  enormous  numbers  diffusely  scattered  throughout  the 
marrow.  The  formation  of  brood  capsules  and  of  scolices  is 
exceptional,  and  booklets  are  rarely  found.  The  parts  of  the 
skeleton  most  often  affected  are  the  articular  ends  of  the  long 
bones,  the  bodies  of  the  vertebrae,  and  the  pelvis. 

As  the  cysts  increase  in  number  and  in  size,  the  framework 
of  the  bone  is  gradually  absorbed,  and  there  result  excavations 
or  cavities.  The  marrow  and  spongy  bone  first  disappear,  the 
compact  tissue  then  becomes  thin  and  perforated,  and  patho- 
logical fracture  may  result.  The  bone  gradually  becomes 
expanded,  and  the  cysts  may  escape  through  perforations  into 
the  surrounding  cellular  tissue,  and  when  thus  freed  from  con- 
finement may  attain  considerable  dimensions.  Suppuration 
from  superadded  pyogenic  infection  is  a  frequent  complication 
and  It  may  be  attended  with  extensive  necrosis,  and  lead  to 
disorganisation  of  the  adjacent  joint. 

Clinical  Feafures.~T\xQ  patient  complains,  over  a  long  period 
of  deep-seated  pains.  In  superficial  bones,  such  as  the  tibia' 
there  is  obvious  enlargement,  and  it  may  be  possible  to  recog- 
nise egg-shell  crackling,  or  unequal  consistence  of  the  bone 
which  IS  hard  in  some  parts,  and  doughy  and  elastic  in  others' 
ihe  disease  may  pursue  an  indolent  course  during  months  or 
years  until  some  complication  occurs,  such  as  suppuration  or 
fracture.  With  the  occurrence  of  suppuration  the  disease 
becomes  more  active,  and  abscesses  may  form  in  the  overlvina 
soft  parts  and  m  the  adjacent  joint.    In  the  vertebral  column" 
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hydatids  give  rise  to  angular  deformity  and  paraplegia.  In  the 
pelvis,  there  is  usually  great  enlargement  of  the  bones,  and 
when  suppuration  occurs  it  is  apt  to  infect  the  hip-joint  and  to 
terminate  fatally. 

Examination  with  the  X-rays  shows  the  characteristic  excava- 
tions of  the  bone  caused  by  the  cysts.  The  disease  is  liable  to 
be  mistaken  for  central  tumour,  gumma,  tuberculosis,  or  abscess 
of  bone. 

The  treatment  consists  in  thorough  eradication  of  the  parasite 
by  operation.  The  bone  is  laid  open  and  scraped  or  resected 
according  to  the  extent  of  the  disease,  and  the  raw  surfaces 
swabbed  with  1  per  cent,  formalin.  In  advanced  cases  com- 
plicated with  spontaneous  fracture  or  with  suppuration,  amputa- 
tion affords  the  best  chance  of  recovery. 

The  lesions  in  the  bones  resulting  from  actinomycosis  and 
from  mycetoma  have  been  described  with  these  diseases. 


General  Diseases  of  Nutrition  specially  affecting 

THE  Bones 

These  include  rickets,  scurvy-rickets,  osteomalacia,  ostitis 
deformans,  fragilitas  ossiuni,  and  certain  lesions  met  with  in 
diseases  of  the  nervous  system. 


ElCKETS 


Rickets  or  rachitis  is  a  constitutional  disease  associated  with 
disturbance  of  nutrition,  and  attended  with  characteristic 
changes  in  the  skeleton.  The  disease  is  most  common  and 
most  severe  among  the  children  of  the  poorer  classes  in  large 
cities,  who  are  improperly  fed  and  are  brought  up  m  unhealthy 
surroundings.  There  is  evidence  that  the  most  important 
factors  in  the  causation  of  rickets  are  ill-health  of  the  mother 
during  pregnancy,  and  the  administration  to  the  child  after  its 
birth  of  food  which  is  defective  in  animal  fat,  proteids,  and 
salts  of  lime,  or  which  contains  these  in  such  a  form  that  they 
are  not  readily  assimilated.  The  occurrence  of  the  disease  is 
favoured,  and  its  features  are  aggravated,  by  imperfect  oxygena- 
tion of  the  blood  as  the  result  of  a  deficiency  of  fresh  air  and 
sunlight,  want  of  exercise,  and  by  other  conditions  which  tend 
to  lower  the  general  health.  .  , 

Pathological  Anatomy.— The  most  striking  feature  is  tnc 
softness  (malacia)  of  the  bones,  due  to  excessive  absorption  oi 
osseous  tissue,  and  the  formation  of  an  imperfectly  calcinea 
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tissue  at  the  various  sites  of  ossification.  The  affected  portions 
of  the  skeleton  lose  their  rigidity,  so  that  the  bones  bend  under 
the  weight  of  the  body,  the  traction  of  muscles,  and  other 
mechanical  forces. 

The  perioste2iin  is  thick  and  vascular,  and  when  detached 
carries  with  it  plates  and  spicules  of  soft  porous  bone.  The 
new  bone  deposited  may  be  so  abun- 
dant that  it  forms  a  thick  crust  on  the 
surface,  and  in  the  flat  bones  of  the 
skull  this  may  be  heaped  up  in  the 
form  of  bosses  or  ridges  resembling 
those  met  with  in  inherited  syphilis 
(Fig.  44). 

In  the  epiphysial  cartilages  and  at 
the  ossifying  junctions,  all  the  processes 
concerned  in  ossification,  excepting  the 
deposition  of  lime  salts,  occur  to  an 
exaggerated  degree.  The  cartilage  of 
the  epiphysial  disc  proliferates  actively 
and  irregularly,  so  that  it  becomes 
softer,  thicker,  and  wider,  and  gives 
rise  to  a  visible  swelling,  best  seen  at 
the  lower  end  of  the  radius  and  lower 
end  of  the  tibia,  and  at  the  costo- 
chondral  junctions,  where  the  series 
of  beaded  swellings  is  known  as  the 
"  rickety  rosary." 

The  ossifying  zone  is  increased  in 
depth ;  the  marrow  is  abnormally  vas- 
cular ;  and  any  new  bone  that  is  formed 
is  imperfectly  calcified.  The  result  is 
that  the  affected  bones  may  never  attain 
their  normal  length,  and  they  remain 
stunted  throughout  life  as  in  rickety 
dwarfs  (Fig.  249),  or  the  shafts  may 
grow  unequally  and  come  to  deviate 
from  their  normal  axes,  as  in  knock- 
knee  and  bow-knee.  Areas  of  overgrown  cartilage  may  persist 
as  islands  surrounded  by  bone  or  marrow,  and,  according  to 
Virchow,  may  subsequently  become  the  starting-pomt  of  carti- 
laginous tumours. 

These  changes  are  well  brought  out  in  skiagrams ;  instead  of 
the  well-defined  narrow  line  which  represents  the  epiphysial  carti- 
lage, there  is  an  ill-defined,  blurred  zone  of  considerable  depth. 


Fig.  '249.  —  Skeleton  of 
Kickety  Dwarf,  known  as 
"Bowed  Joseph,"  leader 
of  the  Meal  Riots  in 
Edinburgh,  who  died  in 
1780. 

(Anatomical  Museum,  Uni- 
^■ersity  of  Edinburgh.) 
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The  changes  in  the  marroiv  are  due  to  an  excessive  absorption 
of  bone.  In  the  shafts  of  the  long  bones  the  cortex  becomes 
porous  and  yielding,  and  the  spongy  bone  is  rarefied  or  dis- 
appears ;  hence  the  bones  readily  bend  or  break  under  mechanical 
influences.  When  the  disease  is  arrested,  a  process  of  repair 
sets  in  which  often  results  in  the  bones  becoming  denser 
and  heavier  than  normal.  In  the  flat  bones  of  the  skull,  the  ab- 
sorption may  result  in  the  entire  disappearance  of  areas  of  bone, 
leaving  a  membrane  which  dimples  like  thin  cardboard  under 
the  pressure  of  the  finger— a  condition  known  as  cranioiahes. 

Changes  in  the  Skeleton  as  a  Whole.— The  distribution  and 
nature  of  the  changes  in  the  skeleton  vary  widely  m  diff'erent 
cases  being  influenced  by  the  period  of  onset,  the  severity  and 
duration  of  the  disease,  and  the  conditions  under  which  the 

child  is  placed.  mi     i?    ^  n 

In  Children  before  they  are  able  to  luall^.—The  fontanelles 
and  sutures  of  the  skull  remain  open  until  the  end  of  the 
second  year  or  longer,  and  the  frontal  and  parietal  eminences 
are  unduly  prominent.    There  is  sometimes  hydrocephalus,  and 
the   whole   head  is  characteristically  enlarged   and  square 
The  iaws  are  altered  so  that  while  the  upper  jaw  is  contracted 
into  the  shape  of  a  V,  the  lower  jaw  is  square  instead  ot 
rounded  in  outline,  and  the  teeth  do  not  oppose  one  another. 
In  the  thorax,  the  chief  feature  may  be  the  beading  at  the 
costo-chondral  junctions,  principaUy  of  the  fifth  and  sixth  ribs, 
or  its  walls  may  be  contracted,  particularly  if  respiration  is 
interfered  with  as  a  result  of  bronchial  catarrh  or  adenoids. 
The  contraction  may  take  the  form  of  a  vertical  groove  on  each 
side  or  of  a  horizontal  groove  at  the  level  of  the  upper  end  of 
the'xiphi-sternum;  when  the  sternum  and  cartdages  form  a 
projection  in  front,  the  deformity  is  known  as  pigeon-breast. 

The  spine  may  be  curved  backwards-A:^/257to^•^^— throughout 
its  whole  extent  or  only  in  one  part;  or  it  may  be  curved  to 

one  side — scoliosis.  i     •    ,  „fV. 

In  the  limbs,  the  prominent  features  are  the  deficient  growth 
in  length  of  the  long  bones,  the  enlargements  at  the  eFpl  ys  al 
junctions,  and  the  bending,  and  occasional  g^eeii  t^^k  1  a^^^^^^^^^ 
of  the  shafts.    The  degree  of  enlargement  qf  the  epiphysial 
junctions  is  directly  proportionate  to  the  amount  of  movejiien 

to  which  the  bone  is  subjected  ( J^^^^  T^^T"?  "  wMe  S 
It  this  sta^e  depend  on  the  attitude  of  the  child  while  sittmg 
0  ■  be  n'  carr^^^^^^      example,  the  arm  bones  become  bent  in 
c  lild  -en  who  paddle  about  the  floor  with  the  aid  of  their  arms 
and  in  1  ch  Id  who  lies  on  its  back  with  the  lower  limbs 
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everted,  the  weight  of  the  limb  mcay  lead  to  curvature  of  the  neck 
of  the  femur — coxa  vara.  The  clavicle  or  humerus  may  sustain 
greenstick  fracture  from  the  child  being  lifted  by  the  arms  ; 
the  femur,  by  a  fall.  From  the  extreme  laxity  of  the  ligaments, 
the  joints  can  be  moved  beyond  the  normal  limits,  and  the  child 
is  often  observed  to  twist  its  limbs  into  abnormal  attitudes. 

In  Children  wlio  are  able  to  walk. — In  these  children 
the  most  important  deformities  occur  in  the  spine,  pelvis, 
and  lower  extremities,  and  result  for  the  most  part  from 
yielding  of  the  softened  bones  under  the  weight  of  the  body. 
Scoliosis  is  the  usual  type  of  spinal  curvature,  and  in  extreme 
cases  it  may  lead  to  a  pronounced  form  of  hump-back.  The 
pelvis  may  remain  small  {justo-minor  pelvis),  or  it  may  be 
contracted  in  the  sagittal  plane  {  flat  i^elvis) ;  when  the  bones 
are  unusually  soft,  the  acetabular  portions  are  pushed  inwards 
by  the  femora  bearing  the  weight  of  the  body,  and  the  pelvis 
assumes  the  shape  of  a  trefoil,  as  in  the  malacia  of  women. 
The  shaft  of  the  femur  is  curved  forwards  and  outwards  ;  the 
bones  of  the  leg  outwards,  as  in  bow-leg,  o'r  forwards,  or 
forwards  and  outwards  just  above  the  ankle.  The  deformities 
at  the  knee  (genu  valgum,  genu  varum,  and  genu  recurvatum), 
and  at  the  hip  (coxa  vara),  will  be  described  with  Deformities. 

Clinical  Features. — Although  rickets  may  be  met  with  at  or 
soon  after  birth,  it  is  usually  not  until  the  child  is  three  or  four 
months  old  that  the  disease  manifests  itself,  and  sometimes  not 
until  the  second  year.  The  mother  notices  that  the  child 
perspires  excessively  during  .sleep,  especially  about  the  head, 
is  restless  and  throws  off  the  bed-clothes,  is  disinclined  to  be 
moved,  and  cries  unless  gently  handled.  Its  muscles  become 
soft  and  flabby,  and  it  is  liable  to  attacks  of  diarrhoea  and  of 
bronchial  catarrh.  Dentition  is  delayed,  and  the  teeth  are  apt 
to  appear  in  the  wrong  order.  The  child  is  late  in  learning  to 
walk.  On  examination,  there  is  no  difficulty  in  recognising 
the  changes  in  the  skeleton  that  have  already  been  described. 
The  cranium  is  oftenest  affected  in  infants;. the  spine,  thorax, 
and  arms,  in  those  a  little  older  ;  and  the  lower  extremities  in 
children  in  whom  the  disease  has  developed  comparatively  late. 
The  abdomen  is  prominent,  partly  from  flatulent  distension  of 
the  bowels,  partly  from  downward  displacement  of  the  liver, 
which  is  sometimes  enlarged,  and  from  weakness  of  the  belly 
walls  ;  it  appears  larger  from  contrast  with  the  contracted  chest. 
The  spleen  may  be  enlarged.  The  weakness  of  the  muscles  of 
the  trunk  and  limbs  may  be  so  pronounced  as  to  raise  the 
suspicion  of  a  lesion  of  the  spinal  cord ;  and  there  may  be  an 
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increased  excitability  of  the  central  -nervous  system,  shown 
by  the  occurrence  of  spasm  of  the  larynx  or  of  general  con- 
vulsions. As  a  rule,  however,  the  more  evident  the  deformities 
of  rickets  the  less  prevalent  the  spasms. 

Eickety  children  present  little  resistance  to  infective 
diseases,  and  readily  succumb,  especially  to  pulmonary  and 
intestinal  tuberculosis.  The  iDrogress  of  the  disease  is  slow 
and  intermittent,  and  varies  with  the  age  of  the  child,  its 
surroundings,  and  the  treatment  employed;  it  may  pass  off 
in  a  few  weeks,  or  may  drag  on  for  months  or  even  years. 

The  majority  of  rickety  patients  seen  in  surgical  practice 
suffer  from  the  deformities  resulting  from  rickets  rather  than 
from  the  disease  itself.  The  examination  of  a  large  series  of 
children  at  different  ages  shows  that  the  deformities  become 
less  and  less  frequent  with  each  year.  Those  who  recover 
may  ultimately  show  no  trace  of  rickets,  and  this  is  especially 
true  of  children  who  grow  at  the  average  rate;  in  those, 
however,  in  whom  growth  is  retarded,  especially  from  the 
fifth  to  the  seventh  year,  the  deformities  are  apt  to  become 
permanent.  It  may  be  noted  that  scoliosis  of  rickety  origm 
has  little  tendency  towards  recovery. 

Treatment.— The  treatment  of  the  disease  consists  m 
regulating  the  diet,  improving  the  surroundings  of  the  patient, 
and  preventing  deformity.  In  the  first  instance  it  is  necessary 
to  attend  to  the  stomach  and  bowels.  Tresh  air  and  sunslune 
are  recommended,  with  precautions  against  catching  cold.  A 
change  to  the  seaside,  and  the  use  of  salt-water  baths,  followed 
by  massage,  are  of  great  value.  Phosphorus  m  doses  of  100th 
crrain  may  be  given  dissolved  in  cod-liver  oil,  and  preparations 
of  iron  and  lime  may  be  added  with  advantage.  To  avoid 
those  postures  which  predispose  to  deformities,  the  child  should 
lie  as  much  as  possible.  In  the  well-to-do  classes  this  is 
readily  accomplished  by  the  aid  of  a  nurse  and  the  use  ot  a 
perambulator.  In  hospital  out-patients  the  child  is  kept  oa 
its  feet  by  the  use  of  a  light  wooden  splint  applied  to  the 
outer  aspect  of  each  lower  extremity,  and  extending  trom  tlie 
pelvis  to  six  inches  beyond  the  sole. 

When  deformities  are  already  present,  the  treatment  depends 
upon  whether  or  not  there  is  any  prospect  of  the  bone 
straightening  naturally.  Under  five  years  of  age  this  ma>, 
as  a  rule,  be  confidently  expected;  the  child  should  be  ke 
off  its  feet,  and  the  limbs  bathed  and  massaged.  In  cluldreii 
of  five  or  six  and  upwards,  the  prospect  of  natural  straighten 
is  a  diminishing  one,  and  it  is  more  satisfactory  to  correct  tne 
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deformity  by  operation.  In  rickety  curvature  of  the  spine, 
the  child  should  lie  on  a  firm  mattress,  or,  to  allow  of  its  being 
taken  into  the  open  air,  upon  a  double  Thomas'  splint  extending 
from  the  occiput  to  the  heels ;  the  muscles  acting  on  the  trunk 
should  be  braced  up  by  massage  and  appropriate  exercises. 

Late  Rickets,  Malacia  of  Puberty,  or  Eachitis  Adolescen- 
tium  is  met  with  at  any  age  from  nine  to  seventeen,  and  is 
generally  believed  to  be  due  to  a  recrudescence  of  rickets  which 
had  been  present  in  childhood.  The  disease  is  not  attended 
with  any  disturbance  of  the  general  health;  the  pathological 
changes  are  the  same  as  in  infantile  rickets,  but  are  for  the 
most  part  confined  to  the  ossifying  junctions,  especially  those 
which  are  most  active  during  adolescence,  for  example  at  the 
knee-joint.  The  patient  is  easily  tired,  complains  of  pain  in 
the  bones,  and,  unless  care  is  taken,  deformity  is  liable  to 
ensue.  There  can  be  no  doubt  that  adolescent  rickets  plays 
an  important  part  in  the  production  of  the  deformities  which 
occur  at  or  near  puberty,  especially  genu  valgum,  genu  varum, 
and  coxa  vara,  and  it  may  be  indirectly  concerned  in  the 
production  of  scoliosis  and  flat  foot. 

Scurvy-Eickets  or  Infantile  Scurvy. — This  disease,  described 
by  Barlow  and  Cheadle,  is  usually  regarded  as  a  combination 
of  rickets  and  scurvy,  although,  according  to  Ashby,  the 
hsemorrhagic  element  is  the  result  of  ansemia.  It  is  met  with 
in  infants  under  two  years  who  have  been  brought  up  upon 
sterilised  or  condensed  milk  and  other  proprietary  foods,  and 
is  most  common  in  the  well-to-do  classes.  The  htemorrhages, 
which  are  so  characteristic  of  the  disease,  are  usually  preceded 
for  some  weejcs  by  a  cachectic  condition,  with  listlessness  and 
debility  and  disinclination  for  movement ;  the  child  is  antemic, 
has  a  sallow,  earthy  tint,  is  short  of  breath  on  exertion,  refuses 
food,  and  is  exceedingly  irritable.  Very  commonly  he  ceases 
to  move  one  of  his  lower  limbs — pseudo-paralysis — and  screams 
if  it  is  touched;  a  swelling  is  found  over  one  of  the  bones, 
usually  the  femur,  accompanied  by  exquisite  tenderness  ;  the 
skin  is  tense  and  shiny,  and  there  may  be  some  oedema.  These 
symptoms  are  due  to  a  sub-periosteal  haemorrhage,  and 
associated  with  this  there  may  be  crepitus  from  separation 
of  an  epiphysis,  very  rarely  from  fracture  of  the  shaft  of  the 
bone.  X-ray  photographs  show  enlargement  of  the  bone, 
the  periosteum  being  raised  from  the  shaft  and  new  bone 
formed  in  relation  to  it.  Hfemorrliages  also  occur  into  the 
skin,  presenting  the  appearance  of  bruises,  into  the  orbit  and 
conjunctiva,  and  from  the  gums  and  mucous  membranes. 
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The  treatment  consists  in  correcting  the  errors  in  diet.  The 
infant  should  have  a  wet-nurse  or  a  plentiful  supply  of  cow's 
milk  in  its  natural  state.  Anti-scorbutics  in  the  form  of 
orange,  lemon,  or  grape  juice,  and  of  potatoes  bruised  down  in 
mrlk,  may  be  given.  Under  this  treatment  marked  improve- 
ment usually  takes  place  within  a  few  days,  the  haemorrhages 
cease,  and  the  extravasated  blood  is  gradually  absorbed.  The 
rachitic  element  is  treated  on  the  lines  already  described,  and 
the  bone  lesions  on  general  principles. 

Osteomalacia. — The  term  osteomalacia  includes  a  group  of 
conditions  in  which  ■  the  bones  of  adults  become  soft  and 
yielding,  so  that  they  are  unduly  liable  to  bend  or  break. 
The  tendency  is  to  regard  rickets  and  osteomalacia  as  funda- 
mentally the  same,  only  as  they  affect  the  skeleton  at  different 
ages,  they  present  anatomical  and  clinical  features  dependent 
upon  the  physical  conditions  at  these  ages. 

The  osteomalacia  of  pregnant  and  puerperal  toomen  is  met 
with  chiefly  in  women  of  the  poorer  classes  who  bear  children 
under  unhealthy  conditions.  It  is  more  common  in  the  parts 
of  South  Germany  bordering  on  the  Rhine  and  in  certain 
parts  of  Italy,  than  in  this  country.  While  it  may  occur 
during  a  first  pregnancy,  it  is  oftener  met  with  in  multiparous 
women.  It  is  usually  confined  to  the  pelvis  and  lumbar 
vertebra,  but  in  extreme  cases  may  involve  the  entire 
skeleton. 

In  the  progressive  stage  the  marroAv  becomes  very  vascular, 
loses  its  fat,  and  is  converted  into  a  gelatinous  tissue  variously 
coloured  with  blood  pigment  derived  from  haemorrhages,  and 
these  may  result  in  the  formation  of  cysts  filled  with  brown  or 
yelloAV  fluid.  The  lime  salts  are  absorbed,  the  bones  lose  then- 
rigidity,  and  bend  under  the  weight  of  the  body  or  other 
mechanical  influences.  After  death  they  are  so  soft  that  they 
may  be  cut  with  a  knife  or  squeezed  like  a  sponge.  In  extreme 
cases  the  shafts  of  the  long  bones  come  to  resemble  membranous 
tubes  which  may  be  bent  or  twisted  in  any  direction. 

The  patient  complains  of  shooting  pains  in  the  lower  part  of 
the  back,  weakness  of  the  lower  limbs,  and  inability  to  sit  up. 
The  bones  are -tender  on  pressure,  and  the  knee  jerks  are 
usually  increased.  When  the  spinal  column  is  affected,  the 
vertebriB  become  compressed,  and  the  patient  may  lose  a  foot 
or  more  in  height  within  a  few  weeks.  There  may  be  a 
waddling  gait  from  curving  of  the  neck  of  the  femur  on  both 
sides,  and  inability  to  flex  the  thigh  and  lift  the  foot  from  the 
ground.    The  pressure  of  the  head  of  the  femur  on  either  side 
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with  the  Eontgen 


the  general  health 


causes  the  acetabular  portions  to  project  into  the  cavity  of  the 
pelvis.  If  recovery  ensues,  new  bone  replaces  that  which  has 
been  lost,  the  bones  regain  their  rigidity,  but  the  deformities 
persist. 

The  diagnosis  is  only  difficult  in  the  early  stages  of  mild 
cases,  in  which  the  marked  weakness  of  the  lower  extremities 
and  exaggeration  of  the  knee  jerks  may  suggest  a  resemblance 
to  certain  diseases  of  the  spinal  cord.  The  bones  do  not  give 
the  usual  dark  shadow  when  examined 
rays. 

Measures  directed  towards  improving 
should  be  employed. 
The  administration 
of  phosphorus  dis- 
solved in  cod-liver  oil 
is  recommended.  Im- 
provement has  been 
observed  after  sub- 
cutaneous injections  of 
adrenalin,  one  c.c, 
every  second  day.  Ee- 
moval  of  the  ovaries, 
as  suggested  by  Fehhng 
in  1886,  has  been 
followed  by  the  relief 
of  symptoms  and  arrest 
of  the  progress  of  the 
disease.  For  a  de- 
scription of  the  changes 
in  the  pelvis  and  their 
relation  to  pregnancy  and  parturition  the  student  is  referred  to 
a  text-book  on  Midwifery. 

Neuropathic  Forms  of  Osteomalacia.— In  certain  chronic 
diseases  of  the  brain  and  cord,  changes  in  the  skeleton  of  the 
nature  of  osteomalacia  may  be  met  with.  It  is  at  present  un- 
known why  in  certain  cases  the  bones  lose  their  lime  salts 
and  bend,  while  in  others  they  become  porous  and  brittle. 
The  senile  form  of  osteovialacia  also  is  apparently  of  nerve 
origin. 

Osteomalacia  associated  luith  Neiu  Growths  in  the  Skeleton.— 
When  secondary  cancer  is  widely  distributed  throughout  the 
skeleton,  it  is  associated  with  softening  of  the  bones,  as  a 
result  of  which  they  readily  bend  or  break,  and  after  death  are 
easily  cut  with  a  knife.    In  the  disease  known  as  mtiltijile 


Fig.  250.— Changes  in  the  Skull  resulting  from 
Ostitis  Deformans. 
(Anatomical  Museum,  University  of  Edinburgh.) 
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myeloma,  the  interior  of  the  ribs,  sternum,  and  bodies  of  the 
vertebrae  is  occupied  by  a  reddish  gelatinous  pulp,  the  structure 
of  which  resembles  sarcoma ;  the  bones  are  reduced  to  a  mere 
shell,  and  may  break  on  the  slightest  pressure;  the  urine 
contains  albumose,  a  substance  resembling  albumen,  but 
coagulating  at  a  comparatively  low  temperature  (140°  F.),  and 
the^coagulum  is  re-dissolved  on  boiling,  and  it  is  readily  pre- 
cipitated by  hydrochloric  acid  (Bence-Jones).  _ 

Ostitis  Deformans— Paget's  Disease  of  Bone.— This  rare 
disease  was  first  described  by  Sir  James  Paget  in  1877.  In  the 
early  stages,  the  marrow  is  transformed  into  a  vascular  connective 
tissue ;  its  bone-eating  functions  are  exaggerated,  and  the  frame- 
work of  the  bone  becomes  rarefied,  so  that  it  bends  under 
pressure  as  in  osteomalacia.  In  course  of  time,  however,  new 
bone  is  formed  in  great  abundance  both  by  the  periosteum  and 
by  the  marrow ;  it  is  at  first  devoid  of  lime  salts,  but  later 


Fig  251  —Cadaver,  illustrating  the  alterations  in  the  Lower  Limbs 
resulting  from  Ostitis  Deformans. 


becomes  calcified,  so  that  the  bones  regain  their  rigidity.  This 
formation  of  new  bone  is  much  in  excess  of  the  normal,  the 
bones  become  large  and  bulky,  their  surfaces  rough  an 
uneven,  their  texture  sclerosed  in  parts,  and  the  niedulki 
canal  is  frequently  obliterated.  These  changes  are  weU 
brought  out  in  X-r'ay  photographs.  The  curving  of  the  ong 
bones,  which  is  such  a  striking  feature  of  the  disease,  maj  be 
associated  with  actual  lengthening,  and  the  changes  are  some- 

Sies  remarkably  symmetrical  (Fig.  251).  The  Ws  f^^u^ 
the  cranium  may  be  enormously  hickened,  he  ^  J« 
obliterated,  the  distinction  into  tables  and  Jpl«^^^  ^^J*^  ^'^^^^  ^^ 

while  the  general  texture  is  finely  porous,  there  may  be  areas 

as  dense  as  ivory  (Fig.  250).  n  ,  mnt-  ivith  in 

Clinical  Featwres.-T\x^  disease  is  usually  ^^^^^^ 
persons  over  fifty  years  of  age.  I  ^"^f^'^'^^'Ctl 
and  the  patient's  attention  may  be  first  at  racted  b  e 
occurrence^  of  vague  pains  in  the  back  or  limbs ,  by  the 
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enlargement  and  bending  of  such  bones  as  the  tibia  or  femur  ; 
or  by  a  gradual  increase  in  size  of  the  head,  necessitating 
the  wearing  of  larger  hats.  "When  the  condition  is  fully 
developed,  the  attitude  and  general  appearance  are  eminently 
characteristic.  The  height  is  diminished,  and,  owing  to  the 
curving  of  the  lower  limbs  and  spine,  the  arms  appear  unnatur- 
ally long;  the  head  and  upper  part  of  the  spine  are  bent 
forwards ;  the  legs  are  held  apart,  slightly  flexed  at  the  knees, 
and  are  rotated  out  as  well  as  curved ;  the  whole  appearance 
suggests  that  of  one  of  the  larger  anthropoid  apes.  The 
muscles  of  the  limbs  may  waste  to  such  an  extent  as  to  leave 
the  large,  curved,  misshapen  bones  covered  only  by  the  skin 
(Fig.  251).  In  the  majority  of  cases  the  bones  of  the  lower 
extremities  are  much  earlier  and  more  severely  affected  than 
those  of  the  upper  extremity,  but  the  capacity  of  walking  is 
usually  maintained  even  in  the  presencfe  of  great  deformity. 
In  a  case  observed  by  Byrom  Bramwell,  the  patient  suffered 
from  a  succession  of  fractures. 

The  disease  may  last  for  an  indefinite  period,  the  general 
health  remaining  for  long  unaffected  ;  -the  patient,  however, 
finally  succumbs  to  bronchitis  or  other  intercurrent  disease. 
In  a  considerable  number  of  cases  one  of  the  bones  becomes 
the  seat  of  sarcoma. 

Treatment  is  directed  towards  improving  the  general  health, 
and  to  the  relief  of  symptoms. 

Osteomyelitis  Fibrosa.— This  disease,  which  was  first  de- 
scribed by  Von  Recklinghausen,  presents  many  remarkable 
features.  It  is  usually  met  with  in  children  or  adolescents, 
and  there  are  grounds  for  regarding  it  as  a  juvenile  form  of 
Paget's  disease.  It  may  affect  a  single  bone  or  be  widely 
diffused  in  the  skeleton ;  on  making  a  longitudinal  section,  it 
is  found  that  the  marrow  of  the  shaft  is  replaced  by  a  vascular 
fibrous  tissue,  which  encroaches  on  the  bony  framework, 
whereby  this  is  replaced  and  reduced  to  slender  proportions. 
The  fibrous  tissue  frequently  shows  diffuse  infiltration  by 
giant  cells  like  those  of  a  myeloma ;  but  there  is  an  absence 
of  malignant  tendencies,  and  it  does  not  invade  the  soft 
parts  or  give  rise  to  metastases.  The  formation  of  cysts  in 
the  marrow  is  often  a  prominent  feature,  and  because  of  this 
It  hap  been  named  osteomyelitis  fibrosa  ajstica.  The  (jysts  are 
devoid  of  epithelial  lining,  contain  a  straw-coloured  fluid,  and 
apparently  arise  from  liquefaction  of  tlie  altered  marrow.  It 
would  appear  that  most  of  the  recorded  cases  of  cyst  of  bone 
owe  their  origin  to  this  disease.   The  finding  of  giant  cells,  and 
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occasionally  of  islands  of  cartilage,  in  the  wall  of  the  cyst  led 
to  the  erroneous  view  that  the  cyst  resulted  from  the  lique- 
faction of  a  sarcomatous  or  cartilaginous  tumour. 

The  onset  of  the  disease  is  insidious,  and  there  may  be 
nothing  more  than  the  complaint  of  vague  pains  before  there 
is  any  recognisable  alteration  in  the  bone  affected.  Most 
frequently  the  first  visible  manifestation  is  the  occurrence  of  a 


Fig  252.— Osteomyelitis  Fibrosa  affecting  Feniora  in  a  man  ret.  19. 
'    The  curving  of  the  bones  is  due  to  multiple  fractures. 

fracture  from  some  slight  cause.     Less  commonly  the  bone 
gradually  becomes  curved  or  enlarged,  and  the  enlai-gen  en 
may  assmne  a  spindle  or  globular  form,  or  may  diflu^eA 
throughout  the  shaft ;  as  a  rule,  it  does  not  encroach   pon  he 
epiphvsis.    The  flat  bones  of  the  skull  may  be  involved,  not 
Ztllly  as  in  Paget's  disease  in  the  adult,  but  m  the  f om  o 
asymmetrical  bosses,  which  cause  great  disfigurement     rat<^  e 
of  brown  pigmentation  of  the  skin  of  the  head  and  trunk,  not 
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unlike  those  seen  in  generalised  neuro-fibromatosis,  are  also 
met  with. 

The  diagnosis  from  other  chronic  affections  of  bone  is  difficult 
and  can  scarcely  be  made  without  skiagrams.  These  shoAV 
that  the  contour  and  architecture  of  the  bone  are  greatly 
altered ;  there  is  a  localised  or  a  diffuse  increase  of  girth ;  the 
surface  of  the  bone  is  uneven,  and  in  the  ulterior  there  are 
clear  areas  from  which  the  osseous  tissue  has  entirely  disap- 
peared. These  clear  areas,  from  their  even  contour,  sharp 
definition,  and  translucency,  can  be  recognised  as  cysts. 

If  fracture  occurs,  there  is  often  considerable  comminution, 
and  although  union  may  result,  it  is  long  delayed  and  attended 
with  considerable  deformity  and  shortening. 

The  treatment  is  chiefly  directed  to  protecting  the  affected 
bone  from  injury.  This  may  be  accomplished  by  the  wearing 
of  a  stiff  leather  cylinder,  which  laces  up  the  limb.  In  cases 
in  which  the  disease  has  been  confined  to  one  bone,  benefit  has 
followed  upon  operative  interference,  which  consists  in  opening 
up  the  marrow  and  scraping  out  the  diseased  tissue. 

Neuropathic  Atrophy  of  Bone. — The  conditions  included 
under  this  heading  occur  in  association  with  diseases  of  the 
nervous  system,  but  it  is  difficult  to  ascertain  how  far  the  changes 
in  the  skeleton  are  due  to  altered  trophic  nerve  influence,  and 
how  far  they  are  the  result  of  vaso-motor  disturbances. 

Among  the  clinical  forms  of  neuropathic  atrophy,  most 
importance  attaches  to  the  fragility  of  the  bones  met  with  in 
general  paralysis  of  the  insane,  locomotor  ataxia,  and  other 
chronic  diseases  of  the  brain  and  spinal  cord.  The  bones 
become  porous  and  brittle,  with  an  excess  of  fatty  matter,  so 
that  they  are  liable  to  be  fractured  by  forces  which  Avould  be 
insufficient  to  break  a  healthy  bone.  In  locomotor  ataxia 
the  fractures  affect  especially  the  bones  of  the  lower  extremities, 
and  may  occur  before  there  are  any  definite  nerve  symptoms,  but 
they  are  more  often  met  with  in  the  ataxic  stage,  when  the 
abrupt  and  uncontrolled  movements  of  the  limbs  play  a  con- 
siderable part  in  their  causation.  They  may  be  unattended  with 
pain,  and  may  fail  to  unite ;  when  repair  does  take  place,  it  is 
sometimes  attended  with  an  excessive  formation  of  callus. 
Joint  lesions  of  the  nature  of  Charcot's  disease  may  occur 
simultaneously  with  the  alterations  in  the  bones.  In  syringo- 
myelia  pathological  fracture  is  not  so  frequent  as  in  locomotor 
ataxia ;  it  is  more  likely  to  occur  -in  the  bones  of  the  upper 
extremity,  and  especially  in  the  humerus.  In  some  cases  of 
epilepsij  the  bones  may  be  so  brittle  that  they  break  when 
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the  patient  falls  in  a  fit,  and  the  fracture  is  usually  com- 
minuted. 

In  the  early  stages  of  these  affections  of  the  nervous  system 
the  bones  present  no  histological  or  chemical  alterations,  and 
the  X-ray  shadow  does  not  differ  from  the  normal.  It  is  main- 
tained, therefore,  that  the  disposition  to  fracture  does  not  depend 
upon  a  fragility  of  the  bone,  but  on  the  loss  of  the  muscular 
sense  and  of  common  sensation  in  the  bones,  as  a  result  of 
which  there  is  an  inability  properly  to  throw  the  muscles  into 
action  and  dispose  the  limbs  so  as  to  place  them  under  the 
most  favourable  conditions  to  meet  external  violence. 

Osteogenesis  Imperfecta,  Fragilitas  Ossium,  or  Congenital 
Osteopsathyrosis.— These  terms  are  used  to  describe  a  condition 
formerly  known  as  foetal  rickets,  in  which  an  undue  fragility 
of  the  bones  dates  from  intra-uterine  life.  It  may  occur  in 
several  members  of  the  same  family.  In  severe  cases,  mtra- 
uterine  fractures  occur,  and  during  the  birth  of  the  child  fresh 
fractures  are  almost  sure  to  be  produced,  so  that  at  birth  there 
is  generally  a  combination  of  recent  fractures  and  old  fractures 
united  and  partly  united,  with  bendings  and  thickenings  of  the 
bones.  Large  areas  of  the  cranial  vault  may  remain  membran- 
ous for  a  considerable  period. 

After  birth  the  predisposition  to  fracture  contmues,  the 
bones  are  easily  broken,  the  fractures  are  attended  with  little 
or  no  pain,  the  crepitus  is  soft,  and  although  union  may  take 
place,  it  may  be  much  delayed  and  be  attended  with  excess  of 
callus.  Cases  have  been  observed  in  which  a  child  has  sus- 
tained over  a  hundred  fractures. 

The  bones  show  a  feeble  shadow  with  the  X-rays,  and  appear 
thin  and  atrophied;  the  medullary  canal  is  increased  at  the 
expense  of  the  cortex.  The  cause  of  the  imperfect  bone 
formation  is  unknown,  but  it  would  appear  to  depend  upon  a 
general  disease  affecting  nutrition. 

In  young  infants  in  whom  multiple  fractures  occur-  tne 
prognosis  as  to  life  is  unfavourable,  and  no  satisfactory  treat- 
ment of  the  disease  has  been  formulated.  In  the  event  ot 
survival,  the  tendency  to  fracture  gradually  disappeai'S. 

HypertropMc  Pulmonary  Osteo-Arthropathy.— This  conoi- 
tion,  which  was  described  by  Marie  in  1890,  is  nearly  ahvap 
secondary  to  disease  in  the  chest,  such  as  chronic  phthlsl^, 
empyema,  bronchiectasis,  or  sarcoma  of  the  lung.  -L'^ere  - 
symmetrical  enlargement. and  deformity  of  the  hands  f^^  f^'  - 
the  shafts  of  the  bones  are  thickened,  and  the  soft  tissues 
of  the  terminal  segments  of  the  digits  hypertrophied.  iue 
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fingers  come  to  resemble  drum-sticks,  and  the  thumbs  the 
clapper  of  a  bell.  The  nails  are  convex,  and  incurved  at  their 
free  ends,  suggesting  a  resemblance  to  the  beak  of  a  parrot. 
There  is  also  enlargement  of  the  lower  ends  of  the  bones  of  the 
forearm  and  leg,  and  effusions  into  the  wrist  and  ankle-joints. 
Skiagrams  of  the  hands  and  feet  show  a  deposit  of  new  bone 
along  the  shafts  of  the  phalanges. 


Tumours  op  Bone 

New  growths  Avhich  originate  in  the  skeleton  are  spoken  of 
as  primary  tumours ;  those  which  invade  the  bones,  either  by 
metastasis  from  other  parts  of  the  body  or  by  direct  spread 
from  adjacent  tissues,  as  secondary.  A  tumour  of  bone  may  orow 
from  the  periosteum,  the  marrow,  or  the  epiphysial  cartilage. 

Primary  tumours  are  always  of  the  connective-tissue  type, 
and  are  usually  solitary,  although  certain  forms,  such  as  chon- 
droma, osteoma,  myeloma,  and  sarcoma  are  sometimes  multiple 
from  the  outset. 

Periosteal  tumours  are  at  first  situated  on  one  side  of  the 
bone,  but  as  they  grow  may  come  to  surround  it  completely. 
Innocent  periosteal  tumours  retain  the  outer  fibrous  layer  of 
the  periosteum  as  a  capsule  and  exert  pressure  atrophy  on  the 
bone.  Malignant  tumours  tend  to  perforate  the  periosteal 
capsule  and  eat  into  the  subjacent  bone. 

Central  or  medullary  tumours  as  they  grow  outwards  cause 
absorption  of  the  bone ;  the  periosteum,  however,  forms  succes- 
sive layers  which  are  in  their  turn  absorbed,  so  that  the  bone 
as  a  whole  is  increased  in  girth,  and  is  api^arently  "expanded" 
by  the  growth  in  its  interior.  Whether  or  not  a  central  tumour 
invades  the  surrounding  soft  parts  depends  on  the  rapidity  of 
I  S  growth,  that  is  on  its  malignancy,  and  on  the  activity  of 
tlie  periosteum  in  forming  new  bone. 

While  it  is  frequently  observed  that  tumoui-s  of  bone  follow 
iipon  injury,  the  causal  connection  between  the  injury  and  the 
development  of  the  tumour  is  not  established;  it  may  be  that 
the  trauma  merely  hastens  the  growth  of  an  already  existin' 
t  miour,  or  that  i  excites  growth  in  embryonic  residues  resulting 
from  some  irregularity  in  development 

Primary  Tumours-Osteoma.-When  it  projects  from  the 
surface  of  a  bone,  this  variety  of  tumour  is  illed  an  eZtos  s 
When  derived  directly  from  the  tissues  of  the  periosteum  fo^: 

and  as  it  is  usually  dense  and  compact  like  ivory,  the  term 
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ivonj  exostosis  is  sometimes  employed.  When  derived  from 
hyaline  cartilage— for  example,  at  the  ends  of  the  long  bones— it 
is  known  as  a  cartilaginous  exostosis,  and  because  of  its  spongy 
structure  it  is  also  described  as  a  cancellous  or  spongy  exostosis. 
This  is  invested  with  a  cap  of  cartilage  from  which  it  continues 
to  o-row  until  the  skeleton  attains  maturity. 

An  exostosis  forms  a  rounded  or  mushroom-shaped  tumour 
of  limited  size,  which  may  be  either  sessile  or  pedunculated, 
and  its  free  surface  is  smooth  or  nodulated.  A  cartilaginous 
exostosis  in  the  vicinity  of  a  joint  may  be  invested  with  a 
synovial  sac  or  bursa— tlie  so-called  exostosis  bursata.  ihe 
bursa  may  be  derived  from  the  synovial  membrane  of  the 
adiacent  joint  with  which  its  cavity  sometimes  communicates 
or  it  may  be  of  adventitious  origin;  when  it  is  the  seat  of 
bursitis  and  becomes  distended  with  fluid,  it  may  prevent  the 
recognition  of  the  underlying  exostosis. 

Clinically,  the  osteoma  forms  a  hard,  indolent  tumour 
attached  to  a  bone.    Unless  it  presses  injuriously  on  adjacent 
structures,  its  discovery  is  usually  accidental.    The  symptoms 
to  which  it  gives  rise  vary  with  its  situation.    In  the  vicinity 
of  a  joint  it  may  interfere  with  movement ;  at  the  inner  side 
of  the  knee  it  may  knock  against  the  other  limb,  or  incapacitate 
the  patient  from  riding.    When  growing  from  the  dorsum  o 
the  terminal  phalanx  of  the  great  toe-suhungual  exostosi  -^ 
displaces  the  nail,  and  may  project  through  its  matrix  at  the 
point  of  the  toe,  while  the  soft  parts  over  it  may  be  ulce  ted 
from  pressure  (Fig.  98).    When  it  presses  on  nerves,  it  cause, 
pains   cramps,  and  other  nerve  symptoms.    In  the  orbit  i 
Saces  the  eyeball ;  in  the  nasal  fossae  and  in  the  externa 
Soiy  m  atS  it  causes  obstruction,  which  may  be  attendee 
w  ti  uLration  and  discharge.    In  the  skull  it  may  pro  e 
fern  the  outer  table,  forming  a  smooth  rounded  swe  lin|^^oi  it 
may  project  from  the  inner  table  and  press  upon  the  brain 

The  diagnosis  is  to  be  made  by  the  slow  growth  of  the 
tumour,  is'Saidness,  and  by  the  shadow  which  it  presents  with 

'^\?'oTeoma  which  does  not  cause  symptoms  may  be  left 
ivn  .  l^ej,  the  skeleton  is  mature,  if 

tsi^rsymi ft  if  Removed  by  dividing  the  neck  or  b.e 
of  the°t?mour  with  a  chisel,  care  being  taken  to  remove  the 
vhl  of  the  overlying  cartilage.    The  dense  ^.rie^^  ni  -t 

in  the  bones  of  the  skull  present  S^'«^t^;^^'^;"['rtumou  is 
necessary  to  remove  them,  the  base  or  neck  of  the  t^^"^our 
p^rfoiSed  in  many  directions  with  highly  tempered  dulls 
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rotated  by  some  form  of  engine,  and  the  division  of  the  bone 
completed  with  the  chisel. 

Multiple  exostoses  are  met  with  in  childhood  and  youth,  and 
are  really  chondromata  which  have  undergone  ossification. 
They  occur  chiefly  in  the  vicinity  of  the  most  active  epiphyses 

 that  is,  in  the  region ,  of  the  knee,  shoulder,  and  wrist ;  are 

often  symmetrical,  and  vary  greatly  in  size.  They  originate 
from  the  ossifying  junc- 
tions of  the  long  bones, 
and  as  the  shaft  in- 
creases in  length  may 
come  to  lie  at  some  dis- 
tance from  the  epiphysis, 
and  they  usually  cease 
growing  when  the  skele- 
ton reaches  maturity. 
They  may  also  grow  from 
flat  bones,  such  as  the 
scapula  and  pelvis. 
"When  growing  from  a 
vertebra,  the  tumour  may 
project  into  the  spinal 
canal  and  press  on  the 
cord.  The  anatomical 
characters  of  exostoses 
are  well  brought  out  by 
the  X-rays. 

From  the  fact  that 
the  condition  is  usually 
inherited,  and  that  there 
is  often  an  arrest  of 
growth  and  curvature  of 
several  of  the  long  bones,  ^i*^-  253.— Multiple  Exostoses  of  both  limbs, 
it  is  assumed  that  there  (Photograph  lent  by  sir  George  T.  Beatson.) 
is  a  widespread  disturb- 
ance in  the  development  of  the  skeleton  dating  from  intra- 
uterine life.  There  is  no  indication  for  surgical  interference, 
but  if  any  particular  tumour  is  a  source  of  inconvenience 
it  is  easily  removed  by  chiselling  through  its  neck.  The  co- 
existence of  pure  chondroma  with  muftiple  exostoses  is  not 
infrequent,  and,  as  the  former  tends  to  take  on  active  growth 
and  give  rise  to  metastases,  it  should  be  promptly  and  radically 
removed. 

Diffuse  Osteoma,  Leontiasis  Ossea. — This  rare  affection  was 
VOL.  I.— 43 
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described  by  Virchow,  and  named  leontiasis  ossea  because  of 
the  peculiar  disfigurement  to  which  it  gives  rise.  It  usually 
commences  in  young  adults  as  a  diffuse  overgrowth  of  the 
upper  jaws,  which  are  enlarged  in  all  directions  and  project 
as  prominent  bosses  on  the  face,  and  the  nasal  fossae  and  the 
maxillary  and  frontal  sinuses  become  filled  up  with  bone,  which 
encroaches  also  on  the  orbital  cavities.  In  addition  to  the 
hideous  deformity,  the  patient  suffers  from  blocking  of  the 
nose,  loss  of  smell,  and  protrusion  of  the  eyes,  sometimes  fol- 
lowed by  loss  of  sight.  The  condition  is  liable  to  spread  to  the 
malar  and  frontal  bones,  the  vault  of  the  skull,  and  to  the 
lower  jaw ;  the  base  of  the  skull  is  not  affected.  The  disease 
is  of  slow  progress  and  may  become  arrested;;  life  may  be  pro- 
longed for  many  years,  or  may  be  terminated  by  brain  troubles 
or  other  intercurrent  affections.  In  certain  cases  it  is  possible 
to  remove  some  of  the  more  disfiguring  of  the  bony  masses. 

A  less  aggressive  form,  confined  to  the  upper  jaw  on  one  side, 
is  sometimes  met  with,  and,  in  a  case  of  this  variety  under  our 
own  observation,  the  disfigurement,  which  was  the  only  subject 
of  complaint,  was  removed,  after  reflecting  the  soft  parts,  by 
paring  away  the  excess  of  bone  with  a  chisel. 

A  remarkable  form  of  unilateral  lujpertrophy  and  difuse 
osteoma  of  the  skull,  following  very  accurately  the  distribution 
of  the  fifth  nerve,  has  been  described  by  Jonathan  Hutchinson 
and  Alexis  Thomson. 

Chondroma.  —  Cartilaginous  tumours  grow  from  the  long 
bones  and  from  the  scapula,  ilium,  ribs,  or  jaws.  They  usu- 
ally project  from  the  periosteal  surface  of  the  bone,  and  may 
attain  an  enormous  size ;  sometimes  they  grow  in  the  interior 
of  a  bone,  the  so-called  enchondroma. 

The  hyaline  cartilage  composing  the  tumour  frequently 
undergoes  myxomatous  degeneration,  resulting  in  the  forma- 
tion of  a  glairy,  semi-fluid  jelly,  and  if  this  change  takes  place 
throughout  the  tumour  it  comes  to  resemble  a  cyst.  On  the 
other  hand,  the  cartilage  may  undergo  calcification  or  ossifica- 
tion. The  most  important  transition  of  all  is  that  into  sarcoma, 
the  so-called  malignant  chondroma  or  chondrosarcoma,  which 
is  associated  with  rapid  increase  in  size,  and  parts  of  the  tumour 
may  be  carried  off  in  the  blood- stream  and  give  rise  to  secondary 
growths,  especially  in  the  lungs. 

The  chondroma  is  met  with  as  a  slowly  growing  tumour, 
which  is  specially  common  in  the  bones  of  the  hand,  often  in 
a  multiple  form  (Figs.  254,  255).  The  surface  is  smooth  or 
lobulated,  and  in  consistence  the  tumour         be  dense  and 
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elastic  like  normal  cartilage,  or  may  present  areas  of  softening, 
or  of  bony  hardness.  The  skin  moves  freely  over  it,  except  in 
relation  to  the  bones  of  the  fingers,  where  it  may  become  ad- 
herent and  ulcerate,  simulating  the  appearance  of  a  malignant 
tumour.  Large  tumours  growing  from  the  bones  of  the  extremi- 
ties may  implicate  the  main  vessels  and  nerves  (Fig.  257),  either 
surrovinding  them,  or  pressing  on  them. 

Portions  of  a  chondroma,  which  have  undergone  calcification 
or  ossification,  throw  a  dark  shadoAV  with  the  X-rays. 

Treatment.  —  It  is  necessary  to  re- 
move the  whole  tumour,  and  in  chon- 
dromata  growing  from  the  surface  of 
the  bone,  especially  if  they  are  peduncu- 
lated, this  is  comparatively  easy.  When 
an  entire  bone,  such  as  the  scapula  or 
lower  jaw,  is  involved,  it  is  better  to 
excise  the  bone,  or  at  least  the  part  of 
it  which  bears  the  tumour.  In  the 
case  of  central  tumours  the  shell  of 
bone  is  to  be  removed  over  an  area 
sufficient  to  allow  of  the  enucleation  of 
the  tumour,  or  the  affected  portion  of 
bone  is  resected.  Should  there  be 
evidence  of  malignancy,  such  as  in- 
creased rate  of  growth,  amputation  is 
called  for. 

In  multiple  chondromata  of  the 
hand  in  young  subjects  (Fig.  254),  it 
was  formerly  the  custom  to  amputate 
the  limb;  an  attempt  should  be 
made  to  avoid  this  by  shelling  out 
the  larger  tumours  individually,  and 
persevering  Avith  the  application  of 
the  X-rays  to  inhibit  the  growth  of  the  smaller  tumours. 

Chondromata  springing  from  the  pelvic  bones  usually  arise 
in  the  region  of  the  sacro-iliac  joint;  they  project  into  the 
cavity  of  the  pelvis  and  press  on  the  bladder  and  rectum,  on 
the  sciatic  and  obturator  nerves;  sometimes  also  on  the  iliac 
veins,  causing  oedema  of  the  legs.  They  are  liable  to  take  on 
malignant  characters,  and  rarely  lend  themselves  to  complete 
removal  by  operation. 

The  chondromata  which  undergo  ossification  concurrently 
with  the  skeleton  have  been  described  with  the  osteomata 
Fibroma  is  met  with  chiefly  as  a  periosteal  growth  in 


Fig.  254.— Multiple  Chon- 
dromata of  Boues  of  Hand. 

(Anatomical  Museum,  Uni- 
versity of  Kdinburgh.) 
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relation  to  the  mouth  and  pharynx,  the  simple  epulis  of  the 
alveolar  margin  and  the  naso-pharyngeal  polypms  being  the 
most  common  examples.  They  will  be  described  with  the 
special  regions  in  which  they  occur. 

Myxoma,  lipoma,  and  angioma  of  bone  are  all  very  rare. 

Myeloma. — The  myeloid  tumour,  which  is  sometimes  classi- 
fied with  the  sarcomata,  contains  as  its  chief  elements  large 
giant  cells,  like  those  normally  present  in  the  marrow.  On 


Fig.  255.— Multiple  Choudromata  iu  baud  of  boy  ait.  8  (cf.  Fig.  256). 

section  these  tumours  present  a  brownish-red  or  chocolate 
colour,  and,  being  very  vascular,  are  liable  to  hemorrhages, 
to  pigmentation,  and  to  the  formation  of  blood  cysts.  Some- 
times the  arterial  vessels  are  so  dilated  as  to  impart  to  the 
tumour  an  aneurysmal  pulsation  and  bruit.  The  enlargement 
or  "expansion"  of  the  bone  may  result  in  the  cortex  being 
represented  by  a  thin  shell  of  bone,  which  may  crackle  on 
pressure — parchment  or  egg-shell  crackling. 

The  myeloma  is  most  often  met  with  betAveen  the  ages  of 
twenty-five  and  forty  in  the  upper  end  of  the  tibia  or  lower 
end  of  the  femur  (Fig.  258).    It  grows  slowly  and  causes 
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little  pain,  and  may  long  escape  recognition  unless  an  examina- 
tion is  made  with  the  X-rays.  The  shadow  shows  a  clear  area 
near  the  end  of  the  bone,  not  unlike  a  cyst,  but  the  boundaries 
are  not  so  clearly  marked.  The  myeloma  is  to  be  diagnosed 
from  other  lesions  met  with  in  the  ends'  of  long  bones,  such  as 
tubercle,  syphilis,  Brodie's  abscess,  chondroma,  and  osteomyelitis 
fibrosa  with  cyst  formation.    Although  these  tumours  some- 


FiG.  256.— Eadiogi'am  of  Multiple  Choudromata,  from  same  case  as  Fig.  255. 
Note  large  tumour  on  index,  and  smaller  growths  in  phalanges  of  other  fingers. 

times  give  rise  to  secondary  growths  presenting  a  similar  giant- 
ceiiecl  structure,  they  are,  as  a  rule,  innocent,  and  should  be 
treated  as  such  In  early  cases  the  cortex  is  divided  to  give 
free  access  to  the  tumour  tissue,  which  is  scraped  out  with  the 
spoon ;  in  more  advanced  cases  the  segment  of  bone  is  resected 

'''''  V  ^^"'^  ^^ith  periosteum 

Horn  the  other  limb  inserted  into  the  gap 

alb„n?n'''^'fp"''  myelomatosis  of  the  skeleton  and 

albumosuria  (Bence-Jones)  is  referred  to  on  p.  666.  Myelonuita 
occur  in  the  jaws,  taking  origin  in  the  n  arrow  or  from  the 
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periosteum  of  the  alveolar  process,  and  are  described  else- 
where. 

Sarcomata  aud  endotheliomata  are  the  commonest  tumours 
of  bone,  and  present  wide  variations  in  structure  and  in  clinical 
features.    Structurally,  two  main  groups  may  be  differentiated : 

(1)  the  soft,  rapidly  grow- 
ing cellular  tumours,  and 

(2)  those  containing  fully 
formed  fibrous  tissue, 
cartilage,  or  bone. 

(1)  The  soft  celhdar 
tumours  are  composed 
mainly  of  spindle  or 
round  cells;  they  grow 
from  the  marrow  of  the 
spongy  ends  or  from  the 
periosteum  of  the  long 
bones,  the  diploii  of  the 
skull,  the  pelvis,  verte- 
brae, and  jaws.  As  they 
grow  they  may  cause 
little  alteration  in  the 
contour  of  the  bone,  but 
they  eat  away  its  frame- 
work and  replace  it,  so 
that  the  continuity  of 
the  bone  is  maintained 
only  by  tumour  tissue, 
and  pathological  fracture 
is  a  frequent  result.  The 
small  round-celled  sar- 
comata are  among  the 
most  malignant  tumours 


FiG.  257. — Chondroma  of  Femur. 
The  femoral  vessels  pass  through 
the  substance  of  the  tumour,  and 
the  sciatic  nerve  is  adherent  to 
its  surface. 


of  bone,  growing  with 
great  rapidity,  and  at  an 
early  stage  giving  rise  to 
secondary  growths. 
(2)  The  second  group  includes  the  Jihro-,  osteo-,  and  chondro- 
sarcomata,  and  combinations  of  these;  in  all  of  them  fully 
formed  tissue  predominates  over  the  cellular  elements.  They 
grow  chiefly  from  the  deeper  layer  of  the  periosteum,  and  at 
first  form  a  projection  on  the  surface,  but  later  tend  to  surround 
the  bone  (Fig.  262),  and  to  invade  its  interior,  filling  up  the 
marrow  spaces  with  a  white,  bone-like  substance;  in  the  flat 
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bones  of  the  skull  they  may  traverse  the  diploe  and  erupt  ou  the 
inner  table.  The  tumour  tissue  next  the  bone  consists  of  a 
dense,  white,  homogeneous  material,  from  which  there  radiate 
into  the  softer  parts  of  the  tumour,  spicules,  needles,  and  plates 
of  a  bone-hke  material,  often  exhibiting  a  fan-like  arrangement. 
The  peripheral  portion  consists  of  soft  sarcomatous  tissue,  which 
invades  the  over-lying  soft  parts ;  the  articular  cartilage,  on  the 
other  hand,  long  resists  destruction.  These  ossifying  sarcomata 
are  met  with  most  often  in  the  femur  and 
tibia,  less  frequently  in  the  humerus,  skull, 
pelvis,  and  jaws.  In  the  long  bones  they 
may  grow  from  the  shaft,  while  thechondro- 
sarcomata  more  often  originate  at  the  ex- 
tremities. Sometimes  they  are  multifile, 
several  tumours  appearing  simultaneously  or 
one  after  another.  Secondary  growths  are 
met  with  cliiefly  in  the  lungs,  metastasis 
taking  place  by  way  of  the  veins. 

Clinical  Features. — Sarcomata  are  usually 
met  with  before  the  age  of  thirty,  and  are 
comparatively  common  in  children.  Males 
suffer  oftener  than  females  in  the  proportion 
of  two  to  one. 

In  the  case  of  a  periosteal  sarcoma  the 
presence  of  a  swelling  is  usually  the  first 
symptom ;  the  tumour  is  fusiform,  firm,  and 
regular  in  outline,  and  when  it  occurs  near 
the  end  of  a  long  bone  the  limb  frequently  -<^^ 
assumes  a  characteristic  "leg  of  mutton" 
shape  (Fig.  263).  The  surface  may  be  uni- 
form or  bossed,  the  consistence  varies  at 
different  parts,  and  the  swelling  gradually 
tapers  off  as  it  extends  along  the  shaft. 
On  firm  pressure,  fine  crepitation  may 
be  felt  from  crushing  of  the  delicate  framework  of 
bone. 

In  central  sarcoma  pain  is  the  first  symptom,  and  it  is  usually 
constant,  dull,  and  aching;  is  not  obviously  increased  by 
use  of  the  limb,  but  is  often  worse  at  night.  Swelling  occurs 
late,  and  is  due  to  expansion  of  the  bone;  it  is  fusiform  or 
globular,  and  is  at  first  densely  hard,  but  in  time  there  may 
be  parchment-like  or  egg-shell  crackling  from  yielding  of  the 
thai  shell.  The  swelling  may  pulsate,  and  a  bruit 
heard  over  it.    In  advanced  cases  it  may  be 


Fig.  258.— Myeloma 
of  Lower  End  of 
Femur.  The  pati- 
ent had  formei-ly 
sustained  a  fracture 
of  the  shaft. 


new 


may  be 
impossible  to 
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differentiate  between  a  periosteal  and  a  central  tumour,  either 
anatomically  or  clinically. 

Pathological  fracture  is  more  common  in  the  central  tumours, 
and  sometimes  is  the  first  sign  that  calls  attention  to  the 

condition.  Consolidation  rarely  takes 
place,  although  there  is  often  an  at- 
tempt at  union  by  the  formation  of 
cartilaginous  callus. 

The  soft  parts  over  the  tumour  may 
for  a  long  time  preserve  their  normal 
appearance ;  or  they  may  become 
oedematous,  and  the  subcutaneous 
venous  network  be  evident  through 
the  skin.  Elevation  of  the  tempera- 
ture of  the  skin  over  the  tumour, 
which  may  amount  to  two  degrees  or 
more,  is  a  point  of  diagnostic  signifi- 
cance. 

The  adjacent  joint  usually  remains 
intact,  although  its  movements  may 
be  impaired  by  the  mere  bulk  of  the 
tumour  or  by  effusion  into  the  cavity. 

Enlargement  of  the  neighbouring 
lymphatic  glands  does  not  necessarily 
imply  that  they  have  become  infected 
with  sarcoma,  for  the  enlargement 
may  disappear  after  removal  of  the 
primary  growth ;  actual  infection  of 
the  glands,  however,  does  sometimes 
occur. 

To  obtain  a  reasonable  prospect  of 
cure  by  operation,  the  diagnosis  must 
be  made  at  an  early  stage  of  the 
disease.  Reliance  is  to  be  placed  on 
information  gained  by  examination 
with  the  X-rays.  In  periosteal  sar- 
coma, the  periosteum  at  the  edge  of  the 
tumour  may  be  seen  to  be  lifted  up 
and  to  be  gradually  lost  in  the  soft  parts ;  under  the  periosteum 
and  in  the  substance  of  the  tumour  fine  trabeculse  or  spicules  of 
bone  can  usually  be  seen,  while  the  cortex  of  the  shaft  appears 
roughened.  In  central  sarcoma  there  is  evidence  of  absorption  of 
bone  in  the  interior,  and  in  the  later  stages  it  may  be  entirely  re- 
placed by  tumour  tissue,  only  a  thin  film  of  the  cortex  remaining. 


Fig.  259.— The  Femur  ol'  a 
boy  set.  12,  showing  the 
Bony  Shell  of  a  large  Cyst- 
like Cavity  which  com- 
municates with  the  in- 
terior of  the  bone.  The 
original  tumour  was  prob- 
ably a  sarcoma. 

(The  specimen,  which  is  in 
the  Anatomical  Museum, 
University  of  Edinburgh,  is 
figured  in  Syme's  Prin- 
ciples of  Surgery.) 
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In  difficult  cases  the  final  appeal  is  to  exploratory  incision 
and  microscopical  examination  of  a  portion  of  the  tumour ; 
this  should  not  be  done  as  a  preliminary  operation,  as  it  is 
liable  to  disseminate  the  disease.  It  should  he  done  when 
the  major  operation  has  been  arranged  for,  the  surgeon  waiting 
until  the  examination  is  made. 

It  is  to  be  borne  in  mind  that  Avhen  a  fracture  of  a  long 
bone  takes  place  in  a  young  adult  from  comparatively  slight 

violence,  sarcoma  of  the  bone  should  be   

suspected  and  an  X-ray  examination  made. 

Skiagraphy  is  not  only  of  assistance  in 
differentiating  new  growths  ,'from  other 
diseases  of  bonCj  but  may  also  yield 
information  as  to  the  situation  and  nature 
of  the  tumour,  which  may  have  important 
bearings  on  treatment. 

The  prognosu  varies  widely.  In  general, 
it  may  be  said  that  periosteal  tumours  are 
less  favourable  than  central  ones,  because 
they  are  more  liable  to  give  rise  to  meta- 
stases. Our  own  experience  is  that  the 
majority  of  cases  of'  sarcoma  of  bone  suc- 
cumb within  one  or  two  years  to  secondary 
growths  in  the  lungs  or  elsewhere.  Accord- 
ing to  Konig,  the  permanent  cures  amount 
only  to  18  per  cent. 

Treatment. — When  one  of  the  bones  of  a 
limb  is  involved,  the  usual  practice  has 
been  to  perform  amputation  well  above  the 
growth,  and  this  is  still  recommended  as  a 
routine  procedure.  There  are  reasons,  how- 
ever, which  may  be  urged  against  its  con- 
tinuance. High  amputation  is  unnecessary 
in  the  more  benign  sarcomata,  and  in  the 
more  malignant  forms  is  usually  unavailing  to 
prevent  a  fatal  issue  either  from  local  recur- 
rence or  from  metastases  in  the  lungs  or  elsewhere.  Following 
the  lead  of  Mikulicz,  a  considerable  number  of  permanent  cures 
have  been  obtained  by  resecting  the  portion  of  bone  which  is 
the  seat  of  the  tumour,  and  substituting  for  it  a  corresponding" 
portion  from  the  tibia  or  fibula  of  tlie  other  limb.  When 
resection  is  impracticable,  a  subcapsular  enucleation  is  per- 
formed, followed  by  exposure  to  the  X-rays  or  to  radium. 
Recourse  may  also  be  had  to  the  injection  of  Coley's  fluid. 


Fig.  260.— Periosteal 
Sarcoma  of  Humerus. 


(Anatomical 
University 
liurgl).) 


Museum, 
of  Edin- 


682 


DISEASES  OF  BONE 


Pulsating  Hsematoma  or  Aneurysm  of  Bone. — A  limited 

number  of  j<  these  are  cavernous  tumours  dating  from  a 
congenital  angioma.  The  majority  would  appear  to  be  the 
result  of  changes  in  a  sarcoma,  endotheUoma,  or  myeloma. 
The  tumour  tissue  largely  disappears,  while  the  vessels  and 
vascular  spaces  undergo  a  remarkable  development.  The 
tumour  may  come  to  be  represented  by  one  large  blood-contain- 
ing space  communicating  with  the  arteries  of  the  limb ;  the 


Fig.  261.— Central  Sarcoma  of  Lower  End  of  Femur, 
invading  tlie  knee-joint. 

(Museum  of  Royal  College  of  Surgeons, 
Edinburgh.) 

walls  of  the  space  consist  of  the  remains  of  the  original 
tumour,  plus  a  shell  of  bone  of  varying  thickness.  The  most 
common  seats  of  the  condition  are  the  lower  end  of  the  femur, 
the  upper  end  of  the  tibia,  and  the  bones  of  the  pelvis. 

The  clinical  features  are  those  of  a  pulsating  tumour  of 
slow  development,  and  as  in  true  aneurysm,  pulsation  and 
bruit  disappear  on  compression  of  the  main  artery.  The 
origin  of  the  tumour  from  bone  may  be  revealed  by  the 
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presence  of  egg-shell  crackling,  and  by  examination  with  the 
X-rays. 

If  the  condition  is  believed  to  be  innocent,  the  treatment 
is  the  same  as  for  aneurysm — preferably  by  ligation  of  the 
main  artery ;  if  malignant,  it  is  the  same  as  for  sarcoma. 

Secondary  Tumours  of  Bone. — These  include  all  varieties 
of  tumour  which  are  capable  of  occurring  by  metastasis,  and 
those  which  spread  to  the  bone  by  direct  continuity. 

JJefasfatic  Tumours. — Second- 
ary cancer  is  a  comparatively 
common  disease.  Its  characters 
depend  on  the  nature  of  the 
primary  growth  from  which  it 
arises.  .  The  soft  forms  grow 
rapidly,  and  eat  away  the  bone. 
In  slowly  growing  forms  there 
may  be  considerable  formation 
of  imperfectly  organised  bone, 
often  deficient  in  lime  salts ; 
this  condition  may  be  widely 
diffused  throughout  the  skele- 
ton, and  as  it  is  associated  with 
softening  and  bending  of  the 
bones,  it  is  known  as  cancerous 
osteomalacia.  Secondary  cancer 
of  bone  is  attended  with  pain, 
or  it  suddenly  attracts  notice  by 
the  occurrence  of  pathological 
fracture — as,  for  example,  in  the 
shaft  of  the  femur  or  humerus. 
In  the  vertebrae,  it  is  attended 
with  a  painful  form  of  para- 
plegia, which  may  involve  the 
lower,  or  all  four  extremities. 
On  the  other  hand,  the  disease  may  show  itself  clinically  as  a 
tumour  of  bone,  which  may  be  of  considerable  size,  and  may  be 
mistaken  for  a  sarcoma,  unless  the  existence  of  the  original 
cancer  is  discovered. 

The  cancers  most  liable  to  give  rise  to  metastasis  in  bone  are 
those  of  the  breast,  liver,  uterus,  prostate,  and  intestine ;  hyper- 
nephroma of  the  kidney  may  also  give  rise  to  metastases  in 
bone. 

Secondary  tumours  derived  from  ihe  thyroid  (jland  require 
special  mention,  because  they  are  peculiar  "in  that  neither  the 


Fig.  262.— Osseous  Shell  of  Osteo- 
sarcoma of  Upper  Third  of 
Femur,  after  maceration. 
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primary  growth  in  the  thyi-oid  nor  the  secondary  growth  in  the 
bones  are  necessarily  mahgnant.  They  are  therefore  amenable 
to  operative  treatment. 

Secondary/  sarcoma,  whether  derived 
from  a  primary  growth  in  the  bone  or 
in  the  soft  parts,  is  much  rarer  than 
secondary  cancer.  Its  removal  by  opera- 
tion is  usually  impossible. 

Cancer  of  Bone  resulting  from  Direct 
Extension  from  adjacent  Soft  Parts. — In 
this  group  the  bone  is.  involved  by  the 
spread  of  the  cancer  in  the  same  way  as 
any  other 
tissue. 
There  are 
two  clinical 
types.  The 
first  is  met 
with  in  rela- 
tion to  ejji- 
theliomata 
of  mucous 
surfaces — 
for  e  X- 
ample,  the 
palate, 
gums,  an- 
trum, fron- 
tal sinus, 
audi  to  ry 
meatus,  or 
middle  ear. 
Theywillbe 
describe  d 
under  these 

special  regions.  The  second  is 
met  with  in  relation  to  epitlielioma 
occurrinrj  in  a  sinus,  the  sequel  of 
suppurative  osteomyelitis  or  com- 
pound fracture  or  tuberculous  dis- 
ease. The  patient  has  usually  had 
a  discharging  sinus  for  a  great  number  of  _  years, 
thelioma  original 
spreads  down  to 


Fig.  263.—  Periosteal 
Sarcoma  of  Femur  in 
a  young  subject. 


Fig.  263a.— Epithelioniatous  Tlcer 
of  Leg  with  direct  extension  to 
Tibia. 

(Lord  Lister's  specimen.  Anatomical 
Museum,  Universitj'  of  Edinburgh.) 

The  epi- 

s  at  the  skin  orifice  of  the  sinus,  and 
the  bone  and  into  its  interior  (Fig.  263a). 
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Inside  the  bone  the  progress  of  the  cancer  is  resisted  by- 
sclerosis  and  obliteration  of  the  medullary  canal,  but  although 
its  progress  is  slow,  the  infiltration  of  the  bone  is  often  more 
extensive  than  would  appear  externally.  It  is  recognised 
clinically  by  the  characteristic  epitheliomatous  growth  in  the 
sinus  and  its  vicinity,  and  by  the  offensive  nature  of  the 
discharge.  A  similar  epithelioma  may  arise  in  connection 
with  a  chronic  ulcer  of  the  leg.  The  cancer  may  infect  the 
femoral  lymphatic  glands.  The  operative  treatment  is  influ- 
enced by  the  extent  of  the  disease  in  the  soft  parts  overlying 
the  bone,  and  consists  in  wide  removal  of  the  diseased  tissues, 
or  in  amputation. 

Cysts  of  Bone. — With  the  exception  of  hydatid  cysts,  cysts 
in  the  interior  of  bone  are  the  result  of  the  liquefaction  of  such 
tumours  as  chondroma,  myeloma,  or  sarcoma,  or  more  commonly 
attend  upon  such  chronic  disease  of  the  marrow  as  osteomyelitis 
fibrosa. 
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DISEASES  OF  JOINTS 

Definition  of  terms — Ankylosis :  Varieties.  Diseases  :  Errors  of  de- 
velopment— Bacterial  diseases:  Pyogenic;  Tuberculous;  Syphilitic; 
Acute  rheumatism — Diseases  associated  with  certain  constitutional 
conditions:  Gout;  Chronic  articular  rheumatism;  Arthritis  de- 
formans; Hccmophilia — Diseases  associated  with  affect.ions  of  the 
nervous  system:  Neuro-arthroimthies ;  Charcot's  disease — Hysterical 
or  mimetic  affections  of  joints — Tumoiu's  and  cysts — Loose  bodies 
in  joints. 

Definition  of  Terms. — The  term  synovitis  is  applied  to  any 
inflammatory  condition  which  afl'ects  the  synovial  memhrane 
of  a  joint.  It  is  usually  associated  with  effusion  of  fluid  into 
the  joint,  and  this  may  be  serous,  sero-fibruious,  or  purulent. 
As  the  term  synovitis  merely  refers  to  the  tissue  involved  in 
the  inflammation,  it  should  always  be  used  with  an  adjective 
— such  as  gouty,  gonorrhoeal,  or  tuberculous — which  indicates 
its  pathological  nature. 

The  terms  hydrops,  hydrarthrosis,  and  chronic  serous  synovitis 
are  synonymous,  and  are  employed  when  a  serous  effusion  into 
the  joint  is  the  prominent  clinical  feature.  Hydrops  may  occur 
apart  from  disease  —  for  example,  in  the  knee-joint,  from 
repeated  sprains — but  is  met  with  chiefly  in  the  chronic  and 
intermittent  forms  of  synovitis  which  result  from  gonorrhoea, 
tuberculosis,  syphiHs,  arthritis  deformans,  or  arthropathies  of 
nerve  origin.  It  may  occur  also  when  there  is  a  loose  body  in 
a  joint. 

Arthritis  is  the  term  applied  when  not  only  the  synovial 
membrane  but  the  articular  surfaces,  and  it  may  be  also  the 
ends  of  the  bones,  are  involved  in  the  disease.  _  _ 

As  in  speaking  of  synovitis,  so  in  using  the  term  arthritis  it 
is  necessary  to  prefix  a  qualifying  adjective  which  indicates  its 
nature.  According  to  its  etiology,  arthritis  may  or  may  not  be 
attended  with  eiiu.sion  into  the  joint.    When  eftusion  is  present, 
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it  may  be  serous,  as  in  arthritis  deformans,  or  sero-fibrinous 
or  purulent,  as  in  certain  forms  of  pyogenic  and  tuberculous 
arthritis.  Wasting  of  the  muscles  in  the  vicinity  of  the  joint 
is  a  constant  accompaniment  of  arthritis ;  it  afl'ects  especially 
the  extensor  muscles,  and  the  muscles  do  not  show  the  reaction 
of  defeneration.  On  account  of  the  involvement  of  the  articular 
surfaces,  arthritis  is  apt  to  be  followed  by  ankylosis. 

The  term  emjnjema  is  sometimes  employed  to  indicate  that 
the  cavity  of  the  joint  contains  i^us.  It  is  observed  chiefly  in 
chronic  suppurative  disease  of  pyogenic  or  tuberculous  origin, 
and  is  usually  attended  with  the  formation  of  abscesses  outside 
the  joint. 

Ulceration  of  cartilage  and  caries  of  the  articular  surfaces  are 
common  accompaniments  of  the  more  serious  and  progressive 
forms  of  joint  disease,  especially  those  of  bacterial  origin. 
The  destruction  of  cartilage  may  be  secondary  to  disease  of  the 
synovial  membrane  or  of  the  subjacent  bone.  When  the 
disease  begins  in  the  synovial  membrane,  the  latter  spreads 
over  the  articular  surface,  fuses  with  the  cartilage  and  eats 
into  it,  causing  defects  or  holes  which  are  spoken  of  as  ulcers. 
When  the  disease  begins  in  the  bone,  the  marrow  is  converted 
into  granulation  tissue,  and  this  eats  into  the  cartilage  and 
separates  it  from  the  bone.  Following  on  the  destruction  of 
the  cartilage,  the  articular  surface  of  the  bone  undergoes  dis- 
integration, this  condition  being  spoken  of  as  caries  of  the 
articular  surface.  The  occurrence  of  ulceration  of  cartilage  and 
of  articular  caries  is  attended  with  rigidity  of  the  joint  from 
involuntary  muscular  contraction,  with  Avasting  of  muscles, 
and  Avith  starting  pains.  These  starting  pains  are  the  result 
of  sudden  involuntary  movements  of  the  joint,  and  they  occur 
most  frequently  as  the  patient  is  dropping  off  to  sleep.  The 
muscles  becoming  relaxed,  the  sensitive  ulcerated  surfaces 
come  to  jar  on  one  another,  this  causes  sudden  reflex  con- 
traction of  the  muscles,  and  the  resulting  movement  being 
attended  with  severe  pain,  wakens  the  patient  with  a  startt 
Advanced  articular  caries  is  usually  associated  with  some 
abnormal  attitude  and  with  shortening  of  the  limb.  It  may 
be  possible  to  feel  the  bony  surfaces  grate  upon  one  another. 
When  all  the  constituent  elements  of  a  joint  are  damaged  or 
destroyed,  it  is  said  to  be  disorganised.  Should  recovery  take 
place,  repair  is  usually  attended  with  union  of  the  opposing 
articular  surfaces  either  by  fibrous  tissue  or  by  Ijone. 

Conditions  of  Impaired  Mobility  of  Joints.—Rigidity  is 
the  fixation  of  a  joint  by  the  involuntary  contraction  of  "muscles, 
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and  is  of  value  as  a  sign  of  disease  in  deep-seated  joints,  such 
as  the  hip.  It  is  sometimes  called  false  ankylosis,  because  it 
disappears  under  anaesthesia. 

Conh'acture  is  the  term  applied  when  the  fixation  is  due  to 
permanent  shortening  of  the  soft  parts  around  the  joint — 
muscles,  tendons,  ligaments,  fasciae,  or  skin.  As  the  structures 
on  the  flexor  aspect  are  more  liable  to  undergo  such  shortening, 
contractiire  is  nearly  always  associated  with  flexion.  Contrac- 
ture may  result  from  disease  of  the  joint,  or  from  conditions 
outside  it — for  example,  disease  in  one  of  the  adjacent  bones,  or 
lesions  of  the  nerves. 

Ankylosis  is  the  term  applied  when  impaired  mobility  results 
from  changes  involving  the  articular  surfaces.  It  is  frequently 
combined  with  contracture  and  with  thickening  and  induration 
of  the  ligaments.  Three  anatomical  varieties  of  ankylosis  are 
recognised — (a)  The  fibrous,  in  which  there  are  adhesions  be- 
tween the  opposing  surfaces,  which  may  be  in  the  form  of  loose 
isolated  bands  of  fibrous  tissue,  or  may  bind  the  bones  so  closely 
together  as  to  obliterate  the  cavity  of  the  joint.  The  resulting 
stiff'ness,  therefore,  varies  from  a  mere  restriction  of  the  nornial 
range  of  movement,  up  to  a  close  union  of  the  bones  which 
prevents  movement.  Fibrous  ankylosis  may  follow  upon  injury, 
especially  dislocation  or  fracture  implicating  a  joint,  or  it  may 
result  from  any  form  of  arthritis,  (h)  Cartilaginous  ankylosis 
implies  the  fusion  of  two  apposed  cartilaginous  surfaces.  It 
is  best  seen  between  the  patella  and  the  trochlear  surface  of 
the  femur  in  certain  forms  of  tuberculous  disease  of  the  knee. 
The  fusion  of  the  cartilaginous  surfaces  is  preceded  by  the 
spreading  of  a  vascular  connective  tissue,  derived  from  the 
synovial  membrane,  over  the  articular  cartilage.  Clinically,  it 
is  associated  with  absolute  immobility,  (c)  Bo7iy  ankylosis  or 
synostosis  is  an  osseous  union  between  articulating  surfaces 
(Figs.  264  and  265).  It  may  follow  upon  fibrous  or  cartilagin- 
ous ankylosis,  or  may  result  from  the  fusion  of  two  articular 
surfaces  Avhich  have  lost  their  cartilage  and  become  covered 
with  granulations.  In  the  majority  of  cases  it  is  to  be 
regarded  as  a  reparative  process,  presenting  analogies  Avith  the 
union  of  a  fracture.  . 

Other  forms  of  osseous  anlcylosis  occur,  the  etiology  and 
pathology  of  which  are  as  yet  unknown.  The  name  artlmhs 
ossificans  has  been  applied  by  Joseph  Grifliths  to  one  group  of 
these.  The  alleged  occurrence  of  ankylosis  from  disuse  of  a 
joint  has  not  been  corroborated. 

The  occurrence  of  ankylosis  in  a  joint  before  the  skeleton 
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has  attained  maturity  does  not  appear  to  impair  the  growth  in 
length  of  the  bones  affected.  When  there  is  arrest  of  growth, 
it  depends  on  changes  in  the  ossifying  junctions  caused  by  the 
original  disease. 

To  differentiate  between  muscular  fixation  and  ankylosis,  it 
may  be  necessary  to  ai^eesthetise  the  patient.  The  nature  and 
extent  of  ankylosis  may  be  learned  by  manipulating  the  limb 
or  by  skiagraphy.  In  fibrous  as  contrasted  with  osseous  anky- 
losis mobility  may  be  elicited,  although  only  to  a  limited  extent ; 
while  in  osseous  ankylosis  the  joint  is 
rigidly  fixed,  and  attemiDts  to  move  it 
are  painless. 

The  treatment  is  influenced  by  the 
nature  of  the  original  lesion,  the 
variety  of  the  ankylosis,  and  the 
attitude  of  the  joint.  When  there 
is  restriction  of  movement  due  to 
fibrous  adhesions,  these  may  be  elon- 
gated or  ruptured.  Elongation  of  the 
adhesions  may  be  effected  by  mani- 
pulations, exercises,  and  the  use  of 
special  forms  of  apparatus — such  as 
extension,  or  the  application  of  weights 
to  the  limb.  Massage  and  douching 
are  also  useful.  A  course  of  injections 
of  fibrolysin  may  soften  fibrous  adhe- 
sions and  admit  of  their  being 
stretched.  It  may  be  necessary  to 
administer  an  anaesthetic  before  rup- 
turing strong  fibrous  adhesions,  and 
this  procedure  must  be  carried  out 
with  caution,  in  view  of  such  risks 

as  fracture  of  the  bone — which  is  often  rarefied — or  separation 
of  an  epiphysis.  There  is  also  the  risk  of  fat  embolism,  and 
of  re-starting  the  original  disease.  The  giving  way  of  adhesions 
may  be  attended  with  an  audible  crack;  and  the  procedure 
is  often  followed  by  considerable  pain  and  effusion  into  the 
joint,  which  necessitate  rest  for  some  days  before  exercises 
and  manipulations  are  resumed.  The  adhesions  that  result 
from  injury  of  a  joint  are  more  amenable  to  treatment  than 
those  following  disease. 

Olierative  treatment  may  be  called  for  in  cases  in  which  the 
bones  are  closely  bound  to  one  another  by  fibrous  or  by  osseous 
tissue. 

VOL.  I. — 44 


Fig.  264.— Osseous  Ankylosis 
of  Femur  and  Tibia  in  posi- 
tion of  flexion. 
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Arthrolysis,  which  consists  in  opening  the  joint  and  dividing 
the  fibrous  adhesions,  is  ahnost  inevitably  followed  by  their 
retmion. 

Arthroplasty. — Murphy  of  Chicago  devised  this  operation  for 
restoring  movement  to  an  ankylosed  joint.  It  consists  in 
transplanting  between  the  bones  a  flap  of  fat-bearing  tissue, 
whereby  a  bursal  cavity  is  formed  lined  with  endothelium  and 
containing  a  fluid  rich  in  mucin. 

In  operating  for  fibrous  ankylosis,  such  as  may  result,  for 

example,  from  gonorrhoeal  syno- 
vitis, the  contracted  and  adherent 
capsule  and  other  ligaments  are 
removed  by  dissection  as  freely 
as  possible,  and  the  fibrous  adhe- 
sions between  the  bones  divided 
until  the  movements  of  the  joint 
are  easy  and  flail-like.  A  flap 
of  fat-bearing  fascia  is  then 
dissected  up,  interposed  between 
the  bones,  and  secured  in  posi- 
tion by  sutures ;  when  the  wound 
has  healed,  massage  and  move- 
ment are  commenced. 

In  operating  for  osseous  anky- 
losis, before  interposing  the  flap, 
the  bones  are  separated  along 
the  line  of  union  and  the  ends 
trimmed  off  sufficiently  to  give 
perfectly  free  movements,  and 
any  bony  prominences  Avhich 
might  interfere  with  movement 
are  also  removed.  In  the  elbow, 
the  flap  is  taken  from  the  pos- 
terior surface  of  the  triceps,  and 
should  contain  both  fat  and  a  layer  of  muscle ;  in  the  hip  and 
knee  the  flap  is  taken  from  the  fascia  lata. 

When  arthroplasty  is  impracticable,  a  simpler  operation  may 
be  performed.  If  the  ankylosis  is  osseous  and  a  movable  jomt 
?des  red-for  example,  at  the  elbow-a  considerable  amount 
of  bone,  and  it  may  be  also  of  periosteum  and  capsular  ligament, 
are  resected  to  allow  of  the  formation  of  a  &  joint 

When  bony  ankylosis  has  occurred  with  the  joint  in  an 
undeilrable  at'titude'-for  example,  flexion  at  the  "P  ov^^^^^^^^ 
it  can  be  remedied  by  osteotomy  or  by  a  wedge-shaped  resection 


Fig    265.— Osseous    Ankylosis  of 
Knee  in  the  flexed  position  follow- 
ing upon  Tuberculous  Arthritis. 
(Anatomical  Museum,  University 
of  Edinburgh.) 
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of  the  boue,  with  or  without  such  additional  division  of  the 
contracted  soft  parts  as  will  permit  of  the  Limb  being  placed  in 
the  attitude  desired. 

Bony  ankylosis  of  the  joints  of  a  finger,  whether  the  result 
of  injury  or  disease,  is  difficult  to  remedy  by  any  operative 
procedure,  for  while  it  is  quite  possible  to  restore  mobility,  the 
new  joint  is  apt  to  be  Hail-like  and  useless. 

Errors  of  Development. — These  include  congenital  dis- 
locations and  other  deformities  of  intra-uterine  origin,  such  as 
abnormal  laxity  of  joints,  absence,  displacement,  or  defective 
growth  of  one  or  other  of  the  essential  constituents  of  a  joint. 

The  more  important  of  these  are  described  along  with 
Deformities  of  the  Extremities. 


DISEASES  OF  JOINTS 

Bacterial  Diseases. — In  the  great  majority  of  bacterial 
diseases  the  organisms  are  carried  to  the  joint  in  the  blood- 
stream. They  may  lodge  either  in  the  synovial  membrane  or 
in  one  of  the  bones,  whence  the  disease  subsequently  spreads 
to  the  other  structures  of  the  joint.  Organisms  may  also 
be  introduced  into  joints  through  accidental  or  operation 
wounds,  such  as  the  removal  of  a  loose  cartilage  or  the  suture 
of  a  fractured  patella.  It  has  been  shown  experimentally  that 
joints  are  among  the  most  susceptible  parts  of  the  body  to 
infection,  and  this  would  appear  to  be  due  to  the  viscid 
character  of  the  synovial  fluid,  which  protects  micro-organisms 
from  the  bactericidal  agents  in  the  tissues  and  fluids  of  the 
body  (Noetzel). 

Pyogenic  Diseases 

The  commoner  pyogenic  diseases  are  the  result  of  infection 
of  one  or  other  of  the  joint  structures  with  staphylococci  or 
streptococci,  which  may  be  demonstrated  in  the  exudation  into 
the  joint  and  in  the  substance  of  the  synovial  membrane.  The 
mode  of  infection  is  the  same  as  in  the  pyogenic  diseases  of 
bone.  The  localisation  of  the  infection  in  a  particular  joint  is 
detemined  by  injury,  exposure  to  cold,  antecedent  disease  of 
the  joint,  or  other  factors  whose  nature  is  not  always  apparent. 
The  effects  on  the  joint  vary  widely  in  severity.  There  is 
always  engorgement  and  infiltration  of  the  synovial  membrane, 
and  an  effusion  into  the  cavity  of  the  joint,  which  in  the 


692 


DISEASES  OF  JOINTS 


milder  forms  is  sevons-— serous  synovitis;  flakes  of  fibrin  are 
suspended  in  the  fluid  and  deposited  on  the  surface  of  the 
membrane.     In  severe  infections  the  exudate  is  purulent — 
pimdent  or  sup^mrative  synovitis— and  consists  of  pus  mixed 
with  fibrin,  and,  it  may  be,  red  blood  corpuscles ;  the  synovial 
membrane  and  the  ligaments  which  it  invests  are  converted 
into  granulation  tissue,  and  the  surface  of  the  membrane 
presents  granulations  resembling  those  on  the  surface  of  an 
ulcer  ;  foci  of  suppuration  may  develop  in  the  peri-articular 
cellular  tissue  and  result  in  abscesses.    In  acute  arthritis,  all 
the  structures  of  the  joint  are  involved  in  the  infection.  The 
articular  cartilage  is  encroached  upon  and  invaded  by  the 
granulation  tissue  derived  from  the  synovial  membrane,  and 
from  the  marrow  of  the  subjacent  bone.    It  presents  a  worm- 
eaten  or  ulcerated  appearance,  or  it  may  undergo  necrosis  and 
separate.    The  removal  of  the  cartilage  and  exposure  of  the 
subjacent  bone  allows  of  the  eruption  of  granulation  tissue 
from   the   marrow  and   the   disintegration   of   the  osseous 
trabeculae,  the  latter  condition  being  described  as  caries.  _  With 
the  destruction  of  the  ligaments,  the  stability  of  the  joint  is 
lost,  and  it  is  said  to  be  "  disorganised."    When  the  infection 
has  orio-inated  in  the  marrow  of  an  adjacent  bone,  as  is  the 
case  in" the  acute  arthritis  of  infants,  the  sequence  of  events 
differs  slightly  from  the  above  description,  but  the  changes  are 

essentially  the  same.  j      .    u  t 

The  rUnical  features  vary  with  the  gravity  and  extent  ot 
the  infection.  When  this  is  confined  to  the  synovial  and 
peri-synovial  tissues— aci/ie  serous  and  purulent  synovitis— 
there  is  the  usual  general  reaction,  associated  with  a  feeling  of 
illness  and  attended  with  pyrexia,  and  there  is  great  pam  m 
the  joint.  On  examination,  the  part  is  found  to  be  hot  and 
swollen,  the  swelling  assumes  the  shape  of  the  distended 
synovial  sac,  fluctuation  can  usually  be  elicited,  and  the  jomt  is 
held  in  the  flexed  position.  _  ■ 

If  the  infection  involves  all  the  joint  structures— o^wfe 
arthritis— the  general  and  local  phenomena  are  intensified, 
the  temperature  rises  quickly,  often  with  a  rigor  and  remains 
high  •  the  patient  looks  ill,  and  is  either  unab  e  to  sleep  or  the 
skep  is  disturbed  by  starting  pains.  The  jomt  is  held  rigid 
in  the  flexed  position  by  involuntary  contraction  of  the 
muscles  and  the  least  attempt  at  movement  causes  severe  pam , 
The  sShTest  jar-even  the  shaking  of  the  bed-may  cause 
atony.  The  oint  is  hot,  tensely  distended  the  skm  over  i 
may  be  flashed,  and  there  may  be  cfidetna  of  the  peri-articular 
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tissues  or  of  the  limb  as  a  whole.  If  the  pus  perforates  the 
joint  capsule,  there  are  signs  of  abscess  or  of  diffuse  suppuration 
in  the  cellular  tissue.  The  final  disorganisation  of  the  joint  is 
indicated  by  abnormal  mobility  and  grating  of  the  articular 
surfaces,  or  by  spontaneous  displacement  of  the  bones,  and 
this  may  amount  to  complete  dislocation.  In  the  acute  arthritis  of 
infants,  the  epiphysis  concerned  may  be  separated  and  displaced. 

In  certain  cases  of  pyogenic  infection  the  disease  remains 
latent  for  a  time,  and  the  clinical  manifestations  are  so  slight 
that  they  may  escape  notice  until  some  striking  development, 
such  as  dislocation,  draws  attention  to  them.  This  latency  is 
observed  chiefly  in  the  hip,  when  the  joint  has  become  infected 
in  the  course  of  some  acute  illness,  such  as  scarlet  or  typhoid 
fever,  or  pyaemia. 

In  the  course  oi  pycemia,  joints  may  become  distended  with 
pus  without  any  pronounced  changes  in  the  joint  structures, 
without  local  signs  except  those  indicating  the  presence  of 
fluid,  and  without  much  complaint  on  the  part  of  the  patient. 

When  the  joint  is  infected  through  an  external  ivound,  the 
anatomical  and  clinical  features  are  similar  to  those  observed 
when  the  infection  has  reached  the  joint  by  the  blood-stream, 
but  the  destructive  changes  tend  to  be  more  severe  and  are 
more  likely  to  result  in  disorganisation. 

The  terminations  vary  with  the  gravity  of  the  infection  and 
with  the  stage  at  which  treatment  is  instituted.  In  the 
milder  forms  recovery  is  the  rule,  with  more  or  less  complete 
restoration  of  function.  In  the  more  severe  forms,  and 
especially  when  several  joints  are  involved,  death  may  result 
from  septic  poisoning.  If  the  patient  recovers,  the  joint  or 
the  entire  limb  may  be  permanently  damaged.  There  may  be 
fibrous  or  bony  ankylosis,  or  there  may  be  deformity  from 
displacement  or  dislocation.  From  changes  in  the  laeri-articular 
structures  there  may  be  contracture  in  an  undesirable  position, 
and  in  young  subjects  there  may  be  interference  with  the 
growth  of  the  limb.  The  persistence  of  sinuses  is  usually  due 
to  disease  in  one  or  other  of  the  adjacent  bones. 

The  treatment  is  carried  out  on  the  same  principles  as  in 
other  pyogenic  infections.  Any  infective  lesion  elsewhere  in 
the  body  from  which  the  joint  may  have  become  infected 
should  be  dealt  with.  The  limb  is  immobilised  in  such  an 
attitude  that  should  stiifness  occur  there  will  be  the  least 
interference  with  function.  Extension  by  weight  and  pulley 
is  a  valuable  means  of  relieving  symptoms  and  counteracting 
the  tendency  to  flexion. 
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The  induction  of  liypersemia  is  sometimes  remarkably 
efficacious  in  relieving  pain,  and  in  arresting  the  progress 
of  the  infection.  If  the  fluid  in  the  joint  is  in  sufficient 
quantity  to  cause  tension,  if  it  persists,  or  if  there  is  reason 
to  suspect  that  it  is  purulent,  it  should  be  withdrawn  with- 
out delay ;  an  exploring  syringe  will  suffice  in  the  serous 
variety,  the  suppurative  forms  demand  incision  and  drainage. 
A  vaccine  may  be  prepared  from  the  fluid  thus  obtained  and 
injected  into  the  patient.  It  is  a  common  experience  that 
many  forms  of  acute  suppuration  in  joints — for  example,  the 
acute  arthritis  of  infants,  and  the  suppurations  in  pyaemia 
— yield  at  once  to  incision  and  drainage  if  carried  out  suffi- 
ciently early  and  before  any  destructive  changes  have  taken 
place. 

In  other  cases  simple  drainage  may  not  prove  satisfactory, 
and  indications  of  progressive  mischief  call  for  further  inter- 
ference. Continuous  irrigation  with  salt  solution  or  peroxide 
of  hydrogen  may  be  tried,  or  the  joint  may  be  laid  freely  open 
so  that  every  pocket  and  recess  is  exposed.  In  certain  joints 
this  is  only  attainable  by  the  resection  of  a  portion  of  one  or 
other  of  the  bones. 

Suppuration  in  the  peri-articular  soft  parts  or  in  one  of  the 
adjacent  bones  must  be  looked  for  and  promptly  dealt  with. 

Amputation  is  only  to  be  had  recourse  to  if  life  is  threatened 
by  general  infection. 

When  convalescence  is  established,  attention  is  directed  to  the 
restoration  of  the  functions  of  the  limb,  and  to  the  prevention 
of  stiffness  and  deformity  by  movements  and  massage,  and  the 
use  of  hot-air  and  other  baths. 

At  a  later  stage,  and  especially  in  neglected  cases,  opera- 
tive and  other  measures  may  be  required  for  deformity  or 
stiffness. 

Other  Forms  of  Pyogenic  Infection.  —  In  typhoid  fever, 

joint  lesions  may  result  from  infection  with  the  typhoid 
bacillus  or  with  ordinary  pyogenic  organisms,  and  run  their 
course  with  or  without  suppuration.  The  destructive  process 
may  take  place  in  the  joint  Avithout  symptoms,  and  attention 
only  be  called  to  the  condition  by  the  occurrence  of  dislocation 
on  slight  movement,  or  on  lifting  the  patient. 

Joint  lesions  are  comparatively  common  in  scarlet  fever,  and 
were  formerly  described  as  scarlatinal  rheumatism.  The  most 
frequent  clinical  type  is  that  of  a  serous  synovitis,  occurring 
within  a  week  or  ten  days  from  the  onset  of  the  fever.  It  is 
most  common  in  females  over  fifteen  years,  and  its  favourite 
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seat  is  in  the  hand  and  wrist,  the  sheaths  of  the  extensor 
tendons  as  well  as  the  synovial  memhrane  of  the  .loints  bemg 
involved.  It  does  not  tend  to  migrate  to  other  joints,  and 
rarely  lasts  longer  than  a  few  days.  It  is  probably  due  to  the 
specific  virus  of  scarlet  fever.  . 

At  a  later  stage,  especially  in  children  and  m  cases  in  which 
the  throat  lesion  is  severe,  an  arthritis  is  sometimes  observed 
which  may  be  acute  and  suppurative,  may  affect  several  joints 
and  exhibit  a  septicsemic  or  pysemic  character. 

There  is  also  described  a  "true  rheumatic  arthritis  occurring 
when  convalescence  from  scarlet  fever  is  well  advanced  ; 
this  form  is  sometimes  complicated  with  endocarditis  and 
with  chorea,  and  is  favourably  influenced  by  anti- rheumatic 

rGUlGcllGS. 

Pneumococcal  affections  of  joints,  the  result  of  infection 
with  the  pneumococcus  of  Fraenkel,  are  being  met  with  m 
increasing  numbers.    The  local  lesion  varies  from  a  srjnovitis 
with  infiltration  of  the  synovial  membrane  and  effusion  of 
serum  or  pus,  to  an  acute  arthritis  with  erosion  of  the  cartilage, 
caries  of  the  articular  surfaces,  and  disorganisation  of  the 
joint.    Of  all  the  articulations  the  knee  is  that  most  frequently 
affected,  but  several  joints  may  suffer  at  the  same  time.  In 
most   of   the   recorded   cases  the  joint  affection  makes  its 
appearance  a  few  days  after  the  commencement  of  a  pneumonia, 
but  in  a  number  of  instances,  especially  among  children,  the 
lung  is  not  specially  involved,  and  the  condition  is  an  indication 
of  a  generalised  pneumococcal  infection,  which  may  manifest 
itself  by  endocarditis,  empyema,  meningitis  or  peritonitis,  and 
it  frequently  has  a  fatal  termination.    The  differential  diagnosis 
from  other  forms  of  pyogenic  infection  is  established  by 
aspirating  the  fluid  in  the  joint  and  submitting  it  to  bacterio- 
logical examination.    The  treatment  is  carried  out  on  the  same 
lines  as  in  ordinary  pyogenic  infections,  and,  it  may  be,  also 
by  the  administration  of  vaccines. 

In  measles,  diphtheria,  smallpox,  influenza,  and  dysentery, 
joint  lesions  may  occur,  but  they  are  less  frequent  than  in 
typhoid  and  scarlet  fever. 

The  joint  lesions  which  accompany  acute  rheumatism  or 
rheumatic  fever  are  believed  to  be  due  to  a  diplococcus.  In 
the  course  of  a  general  illness  in  which  there  is  moderate 
pyrexia  and  profuse  sweating,  some  of  the  larger  joints,  and 
not  infrequently  the  smaller  ones  as  well,  become  swollen  and 
extremely  tender,  so  that  the  suft'erer  lies  in  bed  quite  helpless, 
dreading  the  slightest  movement.     From  day  to  day  fresh 
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joints  are  attacked,  wliile  those  first  affected  begin  to  subside, 
often  with  great  rapidity.  Affections  of  the  heart-valves  and 
of  the  pericardium  are  commonly  present.  On  recovery  from 
the  acute  illness,  it  may  be  found  that  the  joints  have  entirely 
recovered,  but  in  a  small  jDroportion  of  cases  certain  of  them 
remain  stiff  and  pass  into  the  crippled  condition  described  under 
chronic  rheumatism.  For  the  treatment  of  acute  rheumatism 
the  reader  is  referred  to  works  on  Medicine,  but  it  may  here  be 
said  Avith  regard  to  the  joints  that  there  is  no  call  for  operative 
interference. 

Gonorrhceal  Affections  of  Joints. — These  include  all  forms 
of  joint  lesion  associated  with  gonorrhceal  urethritis,  vulvo- 
vaginitis, and  gonorrhceal  ophthalmia.  They  may  develop  at 
any  stage  of  a  urethritis,  and  are  most  frequently  met  with 
when  the  infection  has  reached  the  posterior  urethra ;  they 
have  been  observed,  however,  after  the  discharge  has  ceased. 
There  is  no  connection  between  the  severity  of  the  gonorrhoea 
and  the  incidence  of  joint  disease.  In  women,  a  gonorrhceal 
discharge  must  be  differentiated  from  other  forms  by  bacterio- 
logical examination. 

As  a  complication  of  ophthalmia,  the  joint  lesions  are  chiefly 
met  with  in  infants,  and  occur  more  commonly  towards  the 
end  of  the  second  or  during  the  third  week. 

The  gonococcus  is  carried  to  the  joint  in  the  blood-stream 
and  is  first  deposited  in  the  synovial  membrane,  in  the  tissues 
of  which  it  can  usually  be  found ;  it  may  be  impossible  to  find 
it  in  the  exudate  within  the  joint.  The  joint  lesions  may  be 
the  only  evidence  of  metastasis,  or  they  may  be  part  of  a 
general  infection  involving  the  endocardium,  pleura,  and  tendon 
sheaths. 

The  joints  most  frequently  affected  are  the  knee,  elbow, 
ankle,  wrist,  and  fingers. 

Several  clinical  types  may  be  differentiated.  (1)  There  is  a 
dry  jMli/arthrtUs  met  with  in  the  joints  and  tendon  sheaths  of 
the  wrist  and  hand,  formerly  described  as  gonorrhceal  rheuma- 
tism, which  in  some  cases  is  trifling  and  evanescent,  and  in 
others  is  persistent  and  progressive,  and  results  in  stiffness  of 
the  affected  joints  and  permanent  crippling  of  the  hand  and 
fingers. 

(2)  The  commonest  type  is  a  chronic  synovitis  or  hydrops, 
in  which  the  joint— very  often  the  knee— becomes  filled  with 
a  serous  or  sero-fibrinous  exudate.  There  is  no  thickening  of 
the  capsule  and  tliere  are  no  reactive  changes  in  the  cellular 
tissue  or  skin,  nor  is  there  any  fever  or  disturbance  of  health. 
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The  movements  are  free  except  in  so  far  as  they  are  restricted 
by  the  amount  of  fluid  in  the  joint.  It  usually  subsides  in  two 
or  three  weeks  under  rest,  but  may  relapse.  When  recovery 
takes  place,  it  is  usually  complete. 

(3)  An  acute  syjiovifis  with  jaeri-articular  phlegmon  is  most 
often  met  with  in  the  elbow,  but  it  occurs  also  in  the  knee 
and  ankle.  There  is  a  sudden  onset  of  severe  pain  and  swelling 
in  and  around  the  joint,  with  considerable  fever  and  disturb- 
ance of  health.  The  slightest  movement  causes  pain,  and  the 
part  is  very  sensitive  to  touch.  The  skin  is  hot  and  tense,  and 
in  the  case  of  the  elbow  may  be  red  and  fiery  as  in  erysi|)elas. 

The  deposit  of  fibrin  on  the  synovial  membrane  and  on  the 
articular  surfaces  may  lead  to  the  formation  of  adhesions,  some- 
times in  the  form  of  isolated  bands,  sometimes  in  the  form  of 
a  close  fibrous  union  between  the  bones. 

(4)  A  siippurative  arthritis,  like  that  caused  by  ordinary 
pus  microbes,  may  be  the  result  of  gonococcal  infection  alone 
or  of  a  mixed  infection.  Only  one  joint  is  usually  infected, 
but  the  condition  may  be  midtiple.  The  articular  cartilages 
are  destroyed,  the  ends  of  the  bones  are  covered  with  granu- 
lations, extra-articular  abscesses  form,  and  complete  osseous 
ankylosis  usually  results. 

The  diagnosis  of  gonorrhoeal  affections  of  joints  is  often 
missed,  because  the  possibility  of  gonorrhoea  is  not  suspected 
by  the  practitioner.  The  denial  of  the  disease  by  the  patient 
is  not  always  to  be  relied  upon,  especially  in  the  case  of  women, 
who  may  be  ignorant  of  its  presence.  The  chief  points  in  the 
diff"erential  diagnosis  from  acute  articular  rheumatism  are,  that 
the  gonorrhoeal  affection  is  more  often  mon-articular,  has  little 
tendency  to  wander  from  joint  to  joint,  and  its  progress  is  not 
appreciably  influenced  by  salicylates,  although  these"  drugs  may 
relieve  the  pain.  The  conclusive  jDoint  is  the  recognition  of  a 
gonorrhoeal  discharge  or  of  pus  threads  in  the  urine." 

The  disease  may  prove  persistent  or  may  relapse,  and  the 
patient  may  be  laid  up  for  weeks  or  months,  and  may  finally 
be  crippled  in  one  or  in  several  joints. 

The  treat7nent~hesides  that  of  the  urethral  disease  or  of  the 
ophthalmia— consists  in  rest  until  all  pain  and  sensitiveness  have 
disai^peared.  The  pain  may  be  relieved  by  salicylates,  but  most 
benefit  follows  on  the  induction  of  hyperemia  by  the  rubber 
bandage  and  hot-air  baths,  and  by  the  administration  of 
vaccines;  the  best  results  are  obtained  by  injecting  the  vaccine 
into  the  joint,  at  intervals  of  seven  to  ten  days,  until  there  is 
no  tendency  to  relapse. 
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Kbnig  recommends  the  use  of  tincture  of  iodine  to  the 
extent  of  blistering.  In  the  persistent  dry  form,  hot-air  baths 
are  helpfuL  In  hydrops,  when  the  fluid  persists,  the  joint 
should  be  tapped,  the  fluid  withdrawn,  and  about  one  ounce  of  a 
1  per^cent.  solution  of  protargol  injected ;  the'  patient  should  be 
warned  of  the  marked  reaction  which  follows.  The  purulent 
form  is  treated  by  incision  and  drainage. 

After  all  symptoms  have  settled  down,  but  not  till  then,  tor 
fear  of  exciting  relapse  or  metastasis,  the  joint  may  be  massaged 
and  exercised.  Stiffness  from  adhesions  is  most  intractable, 
and  may,  in  spite  of  every  attention,  terminate  m  anlcylosis. 
Forcible  breaking  down  of  adhesions  under  anesthesia  is  not 
recommended. 

Tuberculous  Diseases 

Tuberculous  diseases  of  joints  result  from  bacillary  infection 
of  the  synovial  membrane  or  of  the  marrow  of  one  ot  the 
adjacent  bones,  under  conditions  similar  to  those  which  have 
been  described  as  occurring  in  tuberculous  disease  of  bone  _ 

From  the  anatomical  point  of  view,  they  may  be  divided  into 
those  in  which  the  disease  originates  in  the  synovial  membrane, 
and  those  in  which  it  originates  in  one  of  the  adjacent  bones 
The  relative  frequency  of  these  two  types  vanes  with  the  age 
of  the  patient  and  with  the  joint  affected.    In  children  the 
number  of  cases  beginning  in  the  bones  is  ^PP™^^;^^^^^^ 
times  as  great  as  those  beginning  m  the  synovial  ^^^^^^^^^ 
while  in  adults  the  disease  most  frequently  origmates  in  the 
Tynovial  membrane.    As  regards  the  joint  affected,  the  maximum 
fJequency  of  osseous  lesions  is  found  in  the  hip-in  the  propoi- 
Tol  of  five  osseous  to  one  synovial;  in  tl- k-e  an^ 
other  large  joints,  the  proportion  is  about  equal  (Konig).  ine 
predominance  of  bone  lesions  in  childhood  an^  youth  is  to  b 
ascribed  to  the  active  changes  taking  place  at  the  ends  of  the 

^'Morbid  Anatomy.-When  there  is  tuberculous  disease  in 

the  articular  end  of  a  long  bone,  it  may  give 

changes  in  the  adjacent  joint,  characterised  \f^''^''^^^^^^^ 

the  extension  of  the  synovial  membrane  over  ^^^J 

faces     This  may  result  in  the  formation  of  adhesions  a  h  ch 

oblitUe  the  canity  of  the  joint  or  divide  it  ^-^o  c^^f^^^. 

These  lesions  are  comparatively  common,  and  aye  often  eiro 

ously  regarded  as  resulting  from  tuberculous  mfection  of 

joint. 
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The  actual  infection  of  the  joint  by  tubercle  originating  in  the 
adjacent  bone  may  take  place  at  the  periphery,  the  osseous  focus 
reaching  the  surface  of  the  bone  at  the  site  of  the  reflection  of 
the  synovial  membrane,  and  the  infection  which  begins  at  this 
point  then  spreads  to  the  rest  of  the  membrane.  Or  it  may 
take  place  in  the  central  area,  by  tuberculous  jdus  escaping 
into  the  joint  through  a  hole  in  the  articular  cartilage,  or  by 
the  projection  of  tuberculous  granulation  tissue  into  the  jomt 
following  upon  gradual  erosion  of  the  cartilage  (Fig.  266). 

Changes  in  the  Synovial  Membrane. — In  the  majority  of 
cases  there  is  found  a  diffuse 
thichening  of  the  synovial  mem- 
hrane,  due  to  the  'formation  of 
granulation  tissue,  or  of  young 
connective  tissue,  in  its  substance. 
This  new  tissue  may  be  described 
as  being  arranged  in  two  layers — 
the  outer  layer  composed  of  fully 
formed  connective  or  fibrous  tissue, 
while  the  inner  consists  of  em- 
bryonic tissue,  usually  permeated 
with  miliary  tubercles.  On  open- 
ing the  joint,  these  tubercles  may 
be  seen  on  the  free  siirface  of  the 
synovial  membrane,  or  the  surface 
may  be  covered  with  a  layer  of 
fibrinous  or  caseous  tissue.  Where 
there  is  greater  resistance  on  the 
part  of  the  tissues,  there  is  active 
formation   of   young  connective 

tissue  which  circumscribes  or  en-  ^i^:  266.— Section  of  Upper  End 
capsulates  the  tubercles,  so  that 
they  remain  embedded  in  the  sub- 
stance of  the  membrane,  and  are 
only  seen  on  cutting  into  it. 

The  diseased  synovial  membrane  tends  to  be  projected  into 
the  cavity  of  the  joint,  filling  up  its  pouches  and  recesses,  and 
spreading  over  the  surface  of  the  articular  cartilage  like  ivy 
growing  on  a  wall  (Fig.  293).  Wherever  the  synovial  tissue 
covers  the  cartilage  it  becomes  adherent  to  and  fused  with  it, 
as  covered  cartilage  always  undergoes  a  retrograde  metaplasia 
into  ordinary  connective  tissue.  The  morbid  process  may  be 
arrested  at  this  stage,  and  may  cure  with  fibrous  adhesions 
between  the  opposing  articular  surfaces,  or  it  may  progress,  i 


of  Fibula,  showing  caseating 
focus  in  marrow,  erupting  on 
articular  surface  and  infecting 
joint. 


in 
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which  case  further  changes  occur,  resulting  in  destruction  of 
the  articular  cartilages  and  exposure  of  the  subjacent  bone. 

In  rare  instances  the  synovial  membrane  presents  nodular 
masses  or  lumps,  resembling  the  tuberculous  tumours  met  with 
in  the  brain.  They  project  into  the  cavity  of  the  joint,  are 
often  pedunculated,  and  may  give  rise  to  the  symptoms  of  a 
loose  body.  The  fringes  of  synovial  membrane  may  also 
undergo  a  remarkable  development,  like  that  observed  m 
arthritis  deformans.  Both  these  types  are  most  frequently 
met  with  in  the  knee. 

The  Contenis  of  Tuherculous  Joints.— In  a  large  proportion 
of  cases  of  synovial  tuberculosis  the  joint  is  entirely  filled  up  by 
the  diffuse  thickening  of  the  synovial  membrane.  In  a  small 
number  there  is  an  abundant  serous  exudate,  and  the  condition 
is  known  clinically  as  tuherculous  hydrops.  There  may  be  a 
considerable  formation  of  fibrin,  covering  the  free  surface  ot 
the  membrane  and  floating  in  the  fluid  as  shapeless  flakes  or 
masses.  Under  the  influence  of  joint  movements  this  fibrin 
may  assume  the  shape  of  melon-seed  bodies.  More  rarely  the 
joint  contains  pus,  and  the  surface  of  the  synovial  membrane 
resembles  the  wall  of  a  cold  abscess.  _ 

Ulceration  of  Cartilage.-When  the  synovial  tissue  covering 
the  cartilage  acquires  the  characters  of  a  tuberculous  infiltra- 
tion, it  causes  pitting  and  perforation  of  the  cartilage,  makes 
its  way  through  it,  and  often  spreads  widely  between  it  and 
the  subjacent  bone,  so  as  to  separate  the  cartilage,  sometimes  in 
portions  of  considerable  size.  The  cartilage  may  be  similarly 
ulcerated  or  detached  as  a  result  of  disease  m  the  bone.  These 
are  the  changes  commonly  spoken  of  as  ulceration  and  necrosis 

°  CarieTof  Articular  Surfaces—Changes  in  the  bone  con- 
sisting in  tuberculous  infiltration  of  the  marrow  in  tlie  surface 

cancelli,  and  breaking  up  of  the  spongy  ^''^"^V"''^' f.^f'' Zon 
into  minute  irregular  fragments,  may  precede  or  foljo^  JP?" 
destruction  of  the  articular  cartilage.   The  disintegration  of  the 

bone  is  known  as  caries.  ^„^f.,^po  ore 

When  the  destructive  changes  m  the  articular  surfaces  are 


wnentne  uesbiucuivc  i^iict^.^v^o  ...  

very  pronounced,  and  when  at  the  same  time  theie  is  an 
absence  of  caseation  and  suppuration,  the  condition  is  callea 

caries  sicca.  .    .  •fo-wnnr'? 

The  pressure  of  articular  surfaces  against  one  a"0   er  fav^^^^ 
the  progress  of  ulceration  of  cartilage  and  of  «;fci<^"^«^^^'';"';t 
These  i^ocesses  are  usually  more  advanced  -  ^he  ^re  s  mo. 
exposed  to  pressure-for  example,  in  the  case  of  the  hip  joint. 
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on  the  superior  aspect  of  the  head  of  the  femur  and  on  the 
posterior  and  upper  segment  of  the  acetabulum. 

The  occurrence  of  jiathologiccd  dislocation  is  due  to  softening 
and  stretching  of  the  ligaments  which  normally  retain  the  bones 
in  position,  and  to  some  factor  causing  displacement,  which  may 
be  the  accumulation  of  fluid  or  of  granulations  in  the  joint,  the 
involuntary  contraction  of  muscles,  or  some  movement  or  twist 
of  the  limb.  The  occurrence  of  dislocation  is  also  favoured  by 
destructive  changes  in  the  bones. 

Peri-artindar  tubercle  and  abscess  may  result  from  the  spread 
of  disease  from  the  bone  or  joint  into  the  surrounding  tissues, 
either  directly  or  by  way  of  the  lymphatics.  A  peri- articular 
abscess  may  spread  in  several  directions,  sometimes  invading 
tendon  sheaths  or  bursa?,  and  finally  reaching  the  skin  surface 
by  tortuous  sinuses. 

Reactive  changes  in  the  vicinity  of  tuberculous  joints  are  of 
common  occurrence,  and  play  a  considerable  part  in  the  produc- 
tion of  what  is  clinically  known  as  white  swelling.  New  con- 
nective tissue  forms  in  the  peri-articular  fat  and  between  muscles 
and  tendons.  It  may  be  tough  and  fibrous,  or  soft,  vascular, 
and  cedematous,  and  the  peri-articular  fat  becomes  swollen  and 
gelatinous,  constituting  a  layer  of  considerable  thickness.  The 
fat  disappears  and  is  replaced  by  a  mucoid  effusion  between 
the  fibrous  bundles  of  connective  tissue.  This  is  what  was 
formerly  known  as  gelatinous  degeneration  of  the  synovial 
membrane.  In  the  case  of  the  wrist  the  newly  formed-  con- 
nective tissue  may  fix  the  tendons  in  their  sheaths,  seriously 
interfering  with  the  movements  of  the  fingers.  In  relation 
to  the  bones  there  may  also  be  reactive  changes,  resulting  in 
the  formation  of  spicules  of  new  bone  on  the  periosteal  surfaces 
and  at  the  attachment  of  the  capsular  and  other  ligaments. 

Terminations  and  Sequelce. — A  natural  process  of  cure  may 
occur  at  any  stage  of  the  disease,  the  tuberculous  tissue  being 
replaced  by  healthy  connective  and  scar  tissue.  Recovery 
is  apt  to  be  attended  with  impairment  of  movement  due  to 
the  occurrence  of  adhesions,  ankylosis,  or  contraction  of  the 
peri-articular  structures.  Caseous  foci  in  the  interior  of  the 
bones  may  become  encapsulated,  and  a  cure  thus  be  effected, 
or  they  may  be  the  cause  of  a  relapse  of  the  disease  at  a  later 
date.  Interference  with  growth  is  comparatively  common,  and 
may  involve  only  the  epiphysial  junctions  in  the  immediate 
vicinity  of  the  joint  affected,  or  those  of  all  the  bones  of  the 
limb.  This  is  well  seen  in  adults  who  have  suffered  from  severe 
disease  of  the  hip  in  childhood — the  entire  limb,  including  the 
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foot,  being  shorter  and  smaller  than  the  corresponding  parts  of 
the  opposite  side. 

Atrophic  conditions  are  also  met  with,  the  bones  undergoing 
fatty  atrophy,  so  that  in  extreme  cases  they  may  be  cut  with  a 
knife  or  be  easily  fractured.  This  is  to  be  borne  in  mind  in 
forcibly  manipiilating  stiff  joints.  These  atrophic  conditions 
are  largely  due  to  disuse  of  the  limb  affected,  and  are  recovered 
from  if  it  is  able  to  resume  its  functions. 

Clinical  Features.— These  vary  with  the  different  anatomical 
forms  of  the  disease,  and  with  the  joint  affected.  The  symptoms 
do  not  always  correspond  with  the  nature  and  severity  of  the 
local  lesions,  and  it  is  not  uncommon  to  find,  when  the  joint  is 
exposed  by  operation,  that  the  disease  is  much  more  extensive 
than  might  have  been  inferred  from  the  clinical  features. 

Sometimes  the  disease  is  ushered  in  by  a  febrile  attack 
attended  with  pains  in  several  joints  — described  by  John 
Duncan  as  tuberculous  arthritic  fever.  This  is  liable  to  be 
mistaken  for  rheumatic  fever,  from  which,  however,  it  diflers 
in  that  there  is  no  real  migration  from  joint  to  joint;  there  is 
an  absence  of  sweating  and  of  cardiac  complications ;  and  no 
benefit  follows  the  administration  of  salicylates. 

In  exceptional  cases,  tuberculous  joint  disease  follows  an 
acute  course  resembling  that  of  the  pyogenic  arthritis  of  mfants. 
This  has  been  observed  in  young  children,  especially  m  the 
knee,  the  lesion  being  in  the  synovial  membrane,  and  attended 
with  an  accumulation  of  pus  in  the  joint  If  promptly  treated 
by  incision  and  drainage,  recovery  is  rapid,  and  free  movement 
of  the  joint  may  be  preserved. 

The  onset  and  early  stages  of  tuberculous  d^sease,  however 
are  more  often  insidious,  and  are  attended  with  so  few  symptoms 
that  the  disease  may  have  obtained  a  considerab  e  hold  before 
it  attracts  notice.  It  is  not  uncommon  for  Patie^ts  or^  the  r 
friends  to  attribute  the  disease  to  injury,  as  it  often  lir.t 
attracts  attention  after  some  slight  trauma  or  excessive  use 
of  the  limb.  The  symptoms  usually  subside  under  rest,  onh 
to  relapse  again  with  use  of  the  limb.  _ 

The  initial  local  symptoms  may  be  those  associated  with  the 
preseitce  of  a  focus  i'n  the  neighbouring  ^o.^:^^^^^^ 
neuralgic  pains  in  the  joint,  or  weakness,  tiredness,  stifines  , 
anS  inabili^y  to  use  the  limb,  these  symptoms  improving  with 
rp^l-  md  bein"  aggravated  by  exerticfn. 

"It  L  raiSy  ?Cssible  by  external  e-mination  to  reco^^e 

deep-seated  oLeous  foci  in  the  .^f-^^^  ^^J^f, '  Ld  ?f 
are  near  the  surface  in  a  superficial  bone-such  as  the  lieaa 


TUBERCULOUS  INFECTIONS  703 


the  tibia — there  may  be  local  thickening  of  the  periosteum, 
oedema,  pcain,  and  tenderness  on  pressure  and  on  percussion. 
Large  foci  may  be  revealed  by  the  X-rays;  a  mass  of  cheesy 
tubercle  shows  as  a  clear  area  with  an  ill-defined  margin,  a 
sclerosed  focus  gives  a  much  denser  shadow  than  the  surround- 
ing bone,  and  a  sequestrum  presents  a  dark  shadow  of  irregular 
contour,  and  a  clear  zone  between  it  and  the  adjacent  bone. 

In  the  examination  of  the  patient,  attention  must  be  specially 
directed  to  the  wasting  of  muscles,  the  impairment  or  loss  of 
the  normal  movements  of  the  joint,  and  the  presence  of  abnormal 
attitudes  of  the  limb. 

Wasting  of  muscles  is  a  constant  accompaniment  of  tuber- 
culous joint  disease.  It  is  to  be  attributed  partly  to  want  of 
use,  but  chiefly  to  reflex  interference  with  the  troj)hic  innerva- 
tion of  the  muscles.  It  is  specially  well  seen  in  the  extensor 
and  adductor  muscles  of  the  thigh  in  disease  of  the  knee,  and 
in  the  deltoid  in  disease  of  the  shoulder.  The  muscles  become 
soft  and  flaccid,  they  exhibit  tremors  on  attempted  movement, 
and  their  excitability  to  the  faradic  current  is  diminished. 
The  muscular  tissue  may  be  largely  replaced  by  fat. 

Impcdrment  or  loss  of  the  nonnal  movements  varies  in  degree 
according  to  the  nature  and  seat  of  the  disease.  In  the  early 
stages  of  synovial  tuberculosis  the  movements  may  be  merely 
restricted  in  range.  When  any  joint  of  the  lower  extremity 
is  affected,  there  is  usually  a  limp  in  walking.  When  the 
articular  surfaces  are  involved,  all  movements,  whether  active 
or  passive,  are  usually  abolished,  and  the  condition  presented 
is  one  of  fixation  or  rigidity.  This  resiilts  from  involuntary 
contraction  of  the  muscles ;  it  disappears  under  an  anaesthetic, 
but  returns  on  waking.  The  recognition  of  rigidity  is  of  great 
diagnostic  value,  especially  in  deeply  seated  joints  such  as  the 
shoulder  and  hip,  and  in  the  spine. 

Abnormal  attitudes  of  the  limb  may  precede  other  symptoms 
of  joint  disease,  but  are  more  frequently  of  later  development. 
In  mild  cases  they  may  be  absent  altogether.  They  occur 
earlier,  and  are  more  pronounced  in  cases  in  which  pain  and 
other  irritative  symptoms  of  articular  disease  are  well  marked, 
and  are  best  illustrated  by  the  attitudes  assumed  in  disease  of 
the  hip.  They  are  due  to  reflex  or  involuntary  contraction  of 
the  muscles  acting  on  the  joint,  with  the  object  of  placing  it  in 
the  attitude  of  greatest  ea^e,  and  they  disappear  under^anais- 
thesia.  With  the  lapse  of  time  they  not  only  become  ex- 
aggerated, but  may  become  permanent  from  ankylosis,  or  from 
contracture  of  the  soft  parts  round  the  joint. 
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Startings  at  night,  which  are  frequently  met  witli  in  the 
stage  of  muscular  fixation,  are  to  be  regarded  as  indications 
that  the  disease  of  the  articular  surfaces  is  progressive. 

The  formation  of  extra-articular  abscess  is  a  common  accom- 
paniment of  tuberculous  joint  disease.  The  abscess  may 
appear  early  and  form  a  prominent  feature  in  the  clinical 
picture,  or  it  may  not  develop  till  long  after  the  original 
disease  has  subsided.  It  may  develop  so  insidiously  that  it 
does  not  attract  attention  until  it  has  attained  considerable  size, 
especially  when  associated  with  disease  of  the  spine,,  pelvis, 
or  hip.  The  abscess  presents  itself  at  a  definite  situation  in 
relation  to  the  different  joints,  determined  by  the  anatomical 
relationships  of  the  capsule  and  synovial  membrane  to  the  sur- 
rounding tissues.  The  bursee  and  tendon  sheaths  in  the  vicinity 
may  influence  the  direction  of  spread  of  the  abscess  and  the 
situation  of  resulting  sinuses.  When  left  to  burst  of  itself, 
or  when  opened  and  allowed  to  become  infected  with  pyogenic 
bacteria,  there  is  not  only  the  risk  of  aggravation  of  the  disease 
and  persistent  suppuration,  but  there  is  a  greater  liability  to 
general  tuberculosis. 

When  sinuses  form,  they  are  often  so  tortuous  that  it  is 
difficult  to  pass  a  probe  down  to  the  focus  from  which  the 
abscess  took  its  origin;  if  injected  with  an  emulsion  of 
bismuth,  their  course  can  be  traced  with  the  X-rays. 

,  Tuberculous  infection  of  the  lymphatic  glands  of  the  limb 
is  exceptional,  but  may  follow  upon  infection  of  the  skin  around 
the  orifice  of  a  sinus. 

The  occurrence  of  pyrexia  usually  indicates  suppuration,  or 
the  dissemination  of  the  tubercle— for  example,  to  the  lungs 
or  membranes  of  the  brain.  A  slight  rise  of  temperature  in 
the  evening  may  be  induced  in  quiescent  joint  lesions  by 
injury  or  by  movement  of  the  joint  under  anaesthesia,  or  by 
the  ifatigue  of  a  railway  journey.  The  development  and 
spread  of  an  abscess  may  also  be  attended  with  an  evening 
rise  of  temperature;  but  when  the  abscess  is  quiescent  the 
temperature  usually  remains  normal.  A  temperature  chart, 
therefore,  may  atibrd  useful  information.  When  sinuses.haye 
formed  and  become  septic,  there  may  be  a  diurnal  variation  in 
the  temperature  of  the  type  known  as  hectic  fever  (Fig.  6). 

Relative  Frequency  of  Tuberculous  Disease  in  different  Joints. 
—Hospital  statistics  show  that  joints  are  aflected  in  the 
following  order  of  frequency:  Spine,  knee,  hip,  ankle  and 
tarsus,  elbow,  wrist,  shoulder.  The  hip  and  spine  are  most 
often  affected  in  childhood  and  youth,  the  shoulder  and 
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wrist  ill  adults ;  the  knee,  ankle,  and  elbow  show  little  age 
preference. 

Clinical  Types  of  Tuberculous  Joint  Disease 

Tuberculous  hydrops  is  the  result  of  a  purely  synovial  lesion, 
and  its  outstanding  feature  is  the  accumulation  of  fluid  within 
the  joint.  It  is  analogous  to  the  ascitic  form  of  peritoneal 
tuberculosis  and  to  the  serous  effusion  in  tuberculous  disease 
of  the  pleura.  It  is  the  chief  representative  of  the  "chronic 
simple  synovitis"  of  the  older  authors.  As  it  frequently 
terminates  in  recovery  with  a  useful  joint,  it  may  be  regarded 
as  the  least  serious  form  of  tuberculous  joint  disease.  It  is 
most  often  met  with  in  the  knee,  and  will  be  described  with 
the  affections  of  that  joint. 

Cold  Abscess  or  Empyema  of  Joints. — The  special  feature 
of  this  type  consists  in  the  accumulation  of  tuberculous  pus 
within  the  joint.  It  is  analogous  to  the  purulent  type  of 
peritoneal  tuberculosis  and  tuberculous  empyema.  It  is  most 
often  met  with  in  the  knee,  and  is  usually  the  result  of 
tuberculosis  of  the  synovial  membrane.  It  occurs  in  those 
who  are  reduced  in  health,  and  are  the  subjects  of  tubercul- 
ous lesions  elsewhere.  Its  clinical  features  resemble  those  of 
hydrops  so  closely  that  the  differential  diagnosis  is  rarely  made 
until  the  fluid  is  withdrawn  by  means  of  an  exploring  syriuge. 
The  prognosis  is  less  favourable  than  in  hydrops. 

Diffuse  Thickening  of  the  Synovial  Membrane. — White 
Swelling  of  Joints.— Tumor  albus  was  the  name  originally 
applied  by  Wiseman  in  1676  to  that  form  of  tuberculous 
disease  which  is  characterised  by  the  gradual  development  of 
an  elastic  swelling  in  the  region  of  a  joint.  It  has  already 
been  pointed  out  that  this  swelling  is  to  a  considerable  extent 
the  result  of  inflammatory  and  mucoid  changes  in  the  fat  and 
connective  tissue  surrounding  the  capsule  of  the  joint,  as  well 
as  of  tuberculous  thickening  of  the  synovial  membrane.  It 
may  originate  from  tuberculosis  starting  in  the  synovial 
membrane  as  well  as  from  disease  in  the  bone.  The  changes 
within  the  joint  and  the  course  of  the  disease  vary  within  wide 
limits.  The  appearances  of  white  swelling  bulk  so  largely  in 
the  clinical  features  of  tuberculous  joint  disease  that  it  is 
probably  the  best  known  clinical  type.  It  is  well  seen  in 
joints  which  are  superficial — ^such  as  the  knee,  ankle,  elbow, 
and  wrist.  The  swelling,  which  is  the  first  and  most  prominent 
clinical  feature,  develops  gradually  and  painlessly',  obliterating 
VOL.  I.— 45 
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the   bony  prominences   by  filling   up  the   natural  hollows 
(Fig.  280).    It  appears  greater  to  the  eye  than  is  borne  out 
by  measurement,  heing  thrown  into  relief  by  the  wasting  of 
tiie  muscles  above  and  below  the  joint.    In  the  early  stage  the 
swelling  is  elastic,  doughy,  and  non-sensitive,  and  corresponds 
very  accurately  to  the  superficial  area  of  the  synovial  membrane 
involved.    At  this  stage  there  is  comparatively  little  complaint 
on  the  part  of  the  patient,  for  the  articular  surfaces  and 
ligaments  are  still  intact.    There  may  be  a  feeling  of  weight 
in  the  limb,  and  in  the  case  of  the  knee  and  ankle  the  patient 
may  tire  on  walking  and  drag  the  leg  with  more  or  less  of  a 
limp.    The  movements  of  the  joint  are  painless,  although 
usually  somewhat  limited  in  range.    The  disability  is  increased 
by  use  and  exertion,  but,  for  a  time  at  least,  it  improves  under 
rest. 

If  the  disease  is  not  checked,  the  signs  and  symptoms  become 
more  marked.  The  skin  over  the  joint  becomes  tense  and  hot, 
the  swelling,  which  was  at  first  firm  and  elastic,  may  show 
areas  of  softening,  and  later  of  fluctuation ;  and  a  cold  abscess 
may  form  and  produce  one  or  more  sinuses  by  bursting  through 
the  skin.  The  wasting  of  muscles  increases,  the  joint  becomes 
rigid  as  the  articular  cartilages  become  affected,  and  the  atti- 
tude of  flexion  is  very  commonly  assumed,  more  especially 
in  the  case  of  the  knee.  Starting  pains  at  night  indicate 
destructive  changes  in  the  articular  surfaces.  The  final  con- 
dition is  one  of  disorganisation  of  the  joint,  with  deformity 
and  multiple  sinuses. 

Tuberculous  Arthritis. — It  is  convenient  to  group  under 
this  heading  those  cases  in  which  the  early  and  outstanding 
clinical  features  are  the  result  of  impUcation  of  the  articular 
surfaces.  Although,  as  already  indicated,  these  symptoms 
commonly  develop  in  the  later  stages  of  white  swelling,  it  is 
a  matter  of  everyday  experience  that  symptoms  of  implication 
of  the  articular  surfaces  may  be  the  first  evidence  of  tuber- 
culous joint  infection,  and  may  exist  without  white  swelling 
or  any  other  clinical  sign  of  disease  in  the  synovial  meinbrane. 
These  remarks  apply  specially  to  such  deeply  seated  joints  as 
the  hip,  shoulder,  and  spine.  The  recognition  of  this  form 
of  tuberculous  joint  disease  depends  rather  upon  inferences 
founded  upon  certain  symptoms  and  signs  than  upon  exami- 
nation of  the  joint  itself.  The  patient  complains  of  pain  in 
the  joint,  or  refers  it  to  some  other  part  which  shares  the  simie 
nerve  supply;  for  example,  in  hip  disease  the  pain  is  often 
referred  to  the  knee  through  the  obturator  nerve.    The  pain 
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is  aggravated  by  attempts  at  movement,  and  in  the  case  of 
the  joints  of  the  lower  extremity  the  jjatient  limps  in  walking. 
The  movements  of  the  joint  are  restricted  or  abolished,  and 
wasting  of  muscles  is  more  marked  than  in  the  early  stage 
of  white  swelling.  Very  commonly  the  limb  assumes  an 
abnormal  attitude  as  a  result  of  the  contraction  of  particular 
groups  of  muscles. 

In  the  more  advanced  stages  other  signs  make  their 
appearance,  such  as  starting  pains,  the  formation  of  abscess 
and  of  sinuses,  displacement  or  even  dislocation  of  the  bones. 
Under  an  anaesthetic  the  joint  may  be  found  to  be  completely 
disorganised,  with  destruction  of  ligaments,  abnormal  mobility, 
and  grating  of  the  articular  surfaces. 

Caries  sicca  is  the  name  given  by  Volkmann  to  a  very 
chronic  form  of  tuberculous  arthritis,  which  is  met  with  chiefly 
in  the  shoulder  and  hip,  between  the  ages  of  fifteen  and  thirty- 
five.  There  is  an  entire  absence  of  swelling,  a  characteristic 
wasting  of  all  the  structures  in  the  vicinity  of  the  joint,  and 
the  bony  prominences — such  as  the  acromion  and  coracoid  in 
the  case  of  the  shoulder,  and  the  trochanter  at  the  hip — stand 
out  prominently.  Passive  movements  are  restricted,  and  are 
attended  with  severe  pain.  The  general  health  usually  remains 
unimpaired,  although  the  disease  may  be  of  long  standing. 
Suppuration  is  exceptional,  and  when  it  occurs  is  usually 
associated  with  the  presence  of  a  sequestrum. 

Influence  of  Tuberculous  Joint  Disease  on  the  General 
Health. — Experience  shows  that  the  early  .stages  of  tuberculous 
joint  disease  may  be  compatible  with  the  appearance  of  good 
health.  As  a  rule,  however,  and  especially  if  there  is  mixed 
infection,  the  health  suffers,  the  appetite  is  impaired,  the 
patient  is  easily  tired  and  complains  of  failure  of  strength, 
and  there  may  be  some  loss  of  weight  and  evening  j^yrexia. 

Tuberculous  disease  of  the  lung  is  a  frequent  concomitant  in 
adults,  and  may  precede  the  joint  disease,  or  may  appear  later. 
In  children,  acute  miliary  tuberculosis  may  occur,  and  the 
clinical  features  are  frequently  those  of  tuberculous  meningitis  ; 
it  sometimes  follows  on  comparatively  trivial  operations,"  and 
is  usually  rapidly  fatal. 

Diagnosis.— In  typical  cases  the  diagnosis  is  usually  easy. 
A  history  of  tuberculosis  in  the  family,  or  of  other  tuberculous 
lesions  in  the  patient,  an  insidious  onset,  and  the  fact  that 
there  is  a  considerable  interval  between  the  receipt  of  an 
alleged  injury  and  the  appearance  of  symptoms,  all  suggest  the 
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tuberculous  origin  of  a  given  case  of  joint  disease.  The  X-rays 
are  of  value  chiefly  in  the  recognition  of  osseous  lesions.  The 
use  of  tuberculin  tests   is   to  be  recommended  in  obscure 


cases.  it.  (-  ■ 

The  prognosis  depends  upon  so  many  factors  tnat  it  is 
impossible  to  make  any  general  statement  regarding  it. 
Recovery  is  seldom  impossible,  but  the  existence  of  tuberculous 
lesions  elsewhere  or  of  septic  sinuses  are  unfavourable  factors. 
While  tuberculous  lesions  in  children  tend  to  become  circum- 
scribed, the  tendency  in  adults  is  in  the  opposite  direction. 
The  milder  forms  of  synovial  tuberculosis  may  be  entirely 
recovered  from,  but  severe  bone  lesions  tend  to  cause  serious 
forms  of  joint  disease  which  have  little  tendency  to  natural 
cure  The  locality  of  the  disease  is  an  important  factor,  the 
prognosis  bemg  much  more  unfavourable  in  the  hip  and  spine 
than  in  other  joints.  . 

The  lencTth  of  time  required  for  complete  recovery  necessarily 
varies,  but°may  be  stated  generally  as  being  from  one  to  three 
years.    The  patient  or  his  friends  should  be  informed  of  tiiis, 

and  of  the  risk  of  relapse.  w     .      f  tnl.pv 

Treatment.— In  addition  to  the  general  treatment  of  tuber- 
culosis, which  must  always  be  enforced,  local  measures  are  to 
be  employed.  These  may  be  described  under  two  heads— the 
conservative  and  the  operative.  i      ^  • 

Conservative  treatment  is  almost  always  to  be  employed  in 

limb  until  pain  and  tenderness  have  disappeared.    The  attitude 
in  which  the  limb  is  immobilised  should  be  that  in  which,  m 
L  event  of  subsequent  stiffness,  it  will  be  most  serviceable 
to  thl  patient.    Immobilisation  may  be  secured  by  bandages 
splints  extension,  or  other  apparatus.     Extensron  with  weight 
a^cl  pulley  is  o    great  value  in  securing  rest,  especially  in 
dSease  of  the  hip  or  knee;  it  eliminates  muscular  spasm 
Sfeves  pain  and  startings  at  night,  and  pre^^nts  abnorma 
oH  tmles  of  the  limb.    If,  when  the  patient  hrst  comes  under 
t^^Z^  llZ.^  is  in  a  deformed  attitude  which  does  not 
r eil  lv  Vie  d  to  extension,  this  should  be  corrected  under  an 
readily  f.^;'''  '  j,tly  deformed  attitudes  due  to  con- 

Je'X^/to  a„l.y.osis  wiU  be  c„>K.d.». 

n»  i-iduction  of  h,JI,e,-<Bmia  is  helpful  in  some  cases,  the 
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rubber  bandage  being  applied  for  an  hour  or  so  morning  and 
evening. 

Injection  of  Iodoform. — In  hydrops  and  empyema  of  joints 
this  is  carried  out  on  the  same  lines  as  have  been  described  for 
tuberculous  abscess.  After  the  fluid  contents  of  the  joint  are 
withdrawn,  the  iodoform  is  injected ;  and  this  may  require  to 
be  repeated  in  a  month  or  six  weeks. 

After  the  injection  of  iodoform  there  is  usually  considerable 
reaction,  attended  with  fever  (101°  F.),  headache,  and  malaise, 
and  considerable  pain  and  swelling  of  the  joint.  In  some  cases 
there  is  sickness,  and  there  may  be  blood  pigment  in  the  urine. 
The  severity  of  these  phenomena  diminishes  with  each  subse- 
quent injection. 

The  use  of  blisters  and  of  the  actual  cautery  has  largely 
gone  out  of  fashion,  but  these  measures  may  be  employed 
with  benefit  for  the  relief  of  pain  when  this  is  a  prominent 
feature. 

The  application  of  the  X-rays  has  proved  beneficial  in 
synovial  lesions  in  superficial  joints  such  as  the  wrist  or  elbow ; 
prolonged  exposures  are  made  at  fortnightly  intervals,  and  on 
account  of  the  cicatricial  contraction  which  attends  upon 
recovery,  the  joint  must  be  kept  in  good  position. 

Conservative  treatment  is  only  abandoned  if  improvement 
does  not  show  itself  after  a  thorough  trial,  or  if  the  disease 
relapses  after  apparent  ci;re. 

Operative  Treatment.— Othev  things  being  equal,  operation 
is  more  often  indicated  in  adults  than  in  children,  because 
after  the  age  of  twenty  there  is  less  prospect  of  spontaneous 
recovery,  there  is  more  tendency  for  the  disease  to  relapse 
and  to  invade  the  internal  organs,  and  there  is  no  fear  of 
interfering  with  the  growth  of  the  bones.  The  state  of  the 
general  health  may  necessitate  operation  as  the  most  rapid 
method  of  removing  the  disease.  The  social  status  of  the 
patient  must  also  be  taken  into  account;  the  bread-winner, 
under  existing  social  conditions,  may  be  unable  to  give  up  his 
work  for  a  sufficient  time  to  give  conservative  measures  a  fair 
trial,  and  the  children  of  the  poor  cannot  always  obtain  the 
necessary  attention. 

The  local  comlitions  which  decide  for  or  against  operation 
are  differently  regarded  by  different  surgeons,  but  it  may  be 
said  m  general  terms  that  operative  interference  is  indicated  in 
cases  in  which  the  disease  continues  to  progress  in  spite  of  a 
fan-  trial  of  conservative  measures  ;  in  cases"  unsuited  for  con- 
servative treatment— that  is  to  say,  where  there  is  dislocation 
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separation  of  epiphysis,  or  deformity  incapable  of  being  other- 
wise rectified ;  and  where  the  disease  is  associated  with  severe 
bone  lesions.  Operative  interference  is  indicated  also  when 
the  functional  result  will  be  better  than  that  likely  to  be 
obtained  by  conservative  measures,  as  is  often  the  case  in  the 
knee  and  elbow.  Cold  abscesses  should,  if  possible,  be  dealt 
with  before  operating  on  the  joint. 

In  many  cases  the  nature  of  the  operation  can  only  be 
decided  after  exploration.    The  aim  is  to  remove  all  the  dis- 
ease with  the  least  possible  impairment  of  function  and  the 
minimum   sacrifice  of  healthy  tissue.    The  more   open  _  the 
method  of  operating  the  better,  so  that  all  parts  of  the  jomt 
may  be  available  for  inspection.    The  methods  of  Kocher, 
which  permit  of  dislocating  the  joint,  are  specially  to  be 
recommended,  as  this  procedure  affords  the  freest  possible 
access.    Diseased  synovial  membrane  is  removed  with  the 
scissors  or  knife.    If  the  cartilages  are  sound  and  if  a  movable 
joint  is  aimed  at,  they  may  be  left ;  but  if  ankylosis  is  desired, 
they  must  be  removed.    Localised  disease  of  the  cartilage 
should  be  removed  with  the  spoon  or  gouge,  and  the  bone 
beneath  investigated.    If  the  articular  surface  is  extensively 
diseased,  a  thin  slice  of  bone  should  be  removed,  and  if  foci  m 
the  marrow  are  then  revealed,  it  is  better  to  gouge  them  out 
than  to  remove  further  slices  of  bone,  as  this  involves  needless 
sacrifice  of  the  cortex  and  periosteum. 

The  limb  should  be  rendered  bloodless  before  commencing 
the  operation.  Every  precaution  must  be  t^^en  to  Preve^ 
tuberculous  infection  of  the  wounded  surfaces.  With  the  same 
object,  as  well  as  to  overcome  any  minu  e  fo«^ 
escaped  detection,  a  small  quantity  of  sterilised  ^°dofoim  oi  m 
children,  a  paste  of  iodoform  one  part  and  ^i^^^^^^]^;;^^^^^^^^^^^^^^ 
two  parts,  may  be  rubbed  into  the  raw  surfaces  and  recesses  ot 

''"Trtenus  arthrectomy  and  exc^ion        -m-only  em^^^^^^^^ 
to  designate  the  operation  performed  for  the  lemoval  ot 
tubSous  disease  in  a  joint.    By  -tln-ectomy  is^^^^^^^^^^^^^ 
removal  of  diseased  synovial  membrane  ^'^^^^^  ^.^^^^^^f^^f^^^^^^^ 

sometimes  of  an  excision,  but  in  many  cases  neither 
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terms  would  accurately  describe  the  procedure  -wliicli  best 
meets  the  requu'ements  of  the  case.  The  after-treatment  is 
of  considerable  importance  in  order  to  obtain  the  maximum 
usefulness  of  the  limb.  When  the  patient  is  able  to  use  the 
limb,  the  wasting  of  muscles  is  likely  to  be  recovered  from, 
and,  in  young  subjects,  the  growth  in  length  of  the  bones  is 
resumed. 

Operative  treatment  of  deformities  resulting  from  tuber- 
culous joint  disease  has  almost  entirely  replaced  reduction  by 
force  ;  the  contracted  soft  parts  are  divided,  and  the  bone  is 
resected. 

Amputation  for  tuberculous  joint  disease  has  become  one  of 
the  rare  operations  of  surgery,  and  is  only  justified  when  less 
radical  measures  have  failed  and  the  condition  of  the  limb  is 
affecting  the  general  health  of  the  patient.  Amputation  is 
most  frequently  called  for  in  persons  past  middle  life,  and 
particularly  when  septic  complications  have  supervened. 

Syphilitic  Diseases  op  Joints 

Syphilitic  affections  of  joints  are  comparatively  rare,  but  it  is 
probable  that  their  frequency  has  been  under-estimated,  many 
cases  being  incorrectly  diagnosed.  As  in  tuberculosis,  the 
disease  may  be  first  located  in  the  synovial  membrane,  or  it 
may  spread  to  the  joint  from  one  of  the  adjacent  bones. 

In  acquired  syphilis,  at  an  early  stage,  and  before  the  skin 
eruptions  appear,  one  of  the  large  joints,  such  as  the  shoulder 
or  knee,  may  be  the  seat  of  pain — arthralgia — which  is  worse 
during  the  night.  Later,  a  synovitis  with  serous  effusion  is  not 
uncommon,  and  may  affect  several  joints.  A  chronic  effusion 
or  hydrops  is  met  with  almost  exclusively  in  the  knee ;  it  is 
frequently  bilateral,  and  is  insidious  in  its  onset  and  progress, 
the  patient  usually  being  able  to  go  about.  Both  the  synovitis 
and  the  hydrops  closely  resemble  the  corresponding  lesions 
resulting  from  gonorrhoea,  but  they  rapidly  and  completely 
disappear  under  anti-syphilitic  treatment. 

In  the  tertiary  stage  the  joint  lesions  are  more  persistent  and 
destructive,  and  result  from  the  formation  of  gummata,  either 
in  the  deeper  layers  of  the  synovial  membrane  or  in  the  adjacent 
bone  or  periosteum. 

Peri-synovial  and  peri-hursal  gummata  are  met  with  in 
relation  to  the  knee-joint  of  middle-aged  adults,  especially 
women.  They  are  usually  multiple,  develop  slowly,  and  are 
rarely  sensitive  or  painful.    One  or  more  of  the  gummata 
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may  break  down  and  give  rise  to  tertiary  ulcers.  Hence  the 
presence  of  indolent  swellings,  ulcers,  and  depressed  scars  in 
the  vicinity  of  th&  knee  is  to  be  regarded  as  characteristic  of 
syphilis. 

The  gummatous  disease  may  spread  throughout  the  capsule 
and  synovial  membrane,  which  become  infiltrated  with  granu- 
lation tissue  and  diffusely  thickened.  The  granulation  tissue 
may  also  eat  into  and  replace  portions  of  the  articular  cartilage. 
Clinically,  the  condition  closely  resembles  tuberculous  disease 
of  the  synovial  membrane,  for  which  it  is  probably  frequently 
mistaken,  but  in  the  syphilitic  affection  the  synovial  swelling 
is  nodular  and  uneven,  and  the  subjective  symptoms  are 
slight,  mobility  is  little  impaired,  and  yet  the  deformity  is 
considerable. 

SijpUUtic  osteo-artliritis  results  from  gummata  m  tlie  peri- 
osteum or  marrow  of  the  adjacent  bones.  There  is  a  gradual 
enlargement  of  one  of  the  bones,  the  patient  complains  of 
pains,  which  are  worst  at  night.  At  this  stage  the  diagnosis 
from  sarcoma  may  be  difficult.  The  disease  may  extend  to 
the  synovial  membrane  and  be  attended  with  effusion  into  the 
ioint,  or  it  may  erupt  on  the  periosteal  surface  and  mvade  the 
skin,  forming'  one  or  more  sinuses.  The  further  progress  is 
complicated  by  the  occurrence  of  pyogenic  infection  leading  to 
necrosis  of  bone.  In  the  knee-joint,  the  pateUa,  or  one  of  the 
condyles  of  the  femur  or  tibia,  may  furnish  a  sequestrum,  in 
such  cases,  anti-syphilitic  treatment  must  be  supplemented  by 
operative  measures  directed  to  the  removal  of  the  diseased 
tissues.  In  the  knee,  excision  is  rarely  called  for;  but  in 
the  elbow  it  may  be  performed  in  order  to  obtain  a  movable 

inherited  syphilis  the  earliest  joint  affections  are  those 
associated  with  the  epiphysitis  of  infants,  in  which  there  may 
be  an  effusion  into  the  adjacent  joint,  especially  in  the  knee 
or  elbow ;  and  in  exceptional  cases  pyogenic  infection  may  be 
superadded,  and  pus  form  in  the  joint.  ^ 

In  older  children,  a  gummatous  synovitis  is  met  witli  ot 
which  the  most  striking  features  are  :  its  insidious  development, 
its  chronic  course,  symmetrical  distribution,  freedom  from  pain 
the  free  mobility  of  the  joint,  its  tendency  to  relapse,  and  its 
association  with  other  syphilitic  stigmata,  especially  m  the 
eye.  The  knees  are  the  joints  most  frequen  ly  affected  and 
tiie  condition  usually  yields  readily  to  anti-syphihtic  treatment 
without  impairment  of  the  functions  of  the  joint. 
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Joint  Diseases  accompanying  certain  Constitutional 

Conditions 

Gout. — Arthritis  Urica. — Gout  is  a  disease,  one  of  the 
manifestations  of  which  is  that  certain  joints  are  liable  to 
attacks  of  inflammation  associated  with  the  deposit  of  a 
chalk -like  material  composed  of  sodium  bi- urate.  This 
deposit  takes  place  chiefly  in  the  articular  cartilage,  it 
may  be  in  streaks  or  patches  towards  the  central  area 
of  the  joint,  or  over  the  entire  extent  of  the  cartilage, 
which  appears  as  if  it  had  been  painted  over  with  plaster 
of  Paris.  The  urates  are  really  deposited  in  the  substance 
of  the  cartilage,  and  not  on  its  surface.  The  cartilage  is  at 
first  intact,  but  is  liable  to  degenerate  and  necrose,  forming 
what  are  known  as  gouty  ulcers,  and  these  may  extend 
through  the  cartilage  and  invade  the  bone.  In  the  synovial 
membrane  the  deposit  of  urates  is  usually  attended  Avith 
efi"usion  into  the  joint,  while  in  the  ligaments  and  peri-articidar 
structures  it  leads  to  overgrowth  of  fibrous  tissue  and  the 
formation  of  adhesions.  The  metatarso-phalangeal  joint  of 
the  great  toe,  on  one  or  on  both  sides,  is  that  most  fre- 
quently affected.  The  other  joints  of  the  foot,  and  those  of 
the  fingers,  wrist,  ankle,  and  knee,  may  also  be  attacked. 
The  disease  is  most  often  met  with  in  men  after  middle  life. 

The  clinical  features  are  characteristic.  There  is  a  sudden 
onset  of  excruciating  pain,  usually  during  the  early  hours  of 
the  morning,  the  joint  becomes  tensely  swollen,  red,  and 
glistening,  with  engorgement  of  the  veins,  and  some  fever 
and  disturbance  of  health  and  temper.  In  the  course  of  a  week 
or  ten  days  there  is  a  gradual  return  to  the  normal.  Such 
attacks  recur  once  a  year  or  oftener,  becoming  less  acute  but 
lasting  longer,  and  the  local  phenomena  tend  to  persist,  the 
joint  remaining  permanently  swollen  and  stiff.  Masses  of  chalk 
form  in  and  around  the  joint,  and  those  in  the  subcutaneous 
tissue  may  break  through  the  skin,  forming  indolent  ulcers 
with  exposure  of  the  chalky  masses — tophi — and  until  these 
are  extruded  or  removed  the  ulcers  do  not  heal.  The  hands  or 
feet  may  become  seriously  crippled,  especially  when  the  tendon 
sheaths  and  bursse  also  are  afl'ected. 

The  local  treatment  consists  in  employing  soothing  applica- 
tions and  a  Bier's  bandage  for  two  or  three  hours  twice  tlaily 
while  the  symptoms  are  acute ;  later,  hot-air  baths,  massage, 
and  exercises  are  indicated.  It  is  remarkable  how  completely 
even  the  most  deformed  joints  may  recover  their  functions. 
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The  dietetic  and  medicinal  treatment  of  gout  is  to  be  found  in 
works  on  Medicine. 

Chronic  Rheumatism. — The  claims  of  this  disease  to  be 
called  rheumatic  rest  upon  the  following  data:  That  it 
sometimes  follows  upon  acute  articular  rheumatism ;  that  it 
may  show  exacerbations  or  relapses  which  are  attended  with 
pyrexia  and  are  relieved  by  salicylates;  that  it  is  met  with  in 
patients  Avho  present  a  family  history  of  acute  rheumatism  or  of 
inflammation  of  serous  membranes  ;  and  that  there  may  be  a 
history  of  chorea,  erythema  nodosum,  rheumatic  nodules,  or 
other  evidences  of  the  rheumatic  taint. 

The  primary  changes  in  the  joints  involve  almost  exclusively 
the  synovial  membrane  and  the  ligaments  ;  but  the  surrounding 
tendon  sheaths  and  bursse  may  also  be  implicated.  They 
consist  in  cellular  infiltration  and  exudation,  resulting  in  the 
formation  of  new  connective  tissue  which  encroaches  on  the 
cavity  of  the  joint  and  gives  rise  to  adhesions  between  the 
articular  surfaces.  This  newly  formed  connective  tissue  tends 
to  contract,  causing  stiffness  and  deformity.  The  articular 
cartilages  may  subsequently  be  transformed  into  connective 
tissue,  with  consequent  fibrous  ankylosis  and  complete  oblitera- 
tion of  the  cavity  of  the  joint.  The  bones  are  affected  only 
in  so  far  as  they  undergo  fatty  atrophy  from  disuse  of  the 
limb,  or  alteration  in  their  configuration  as  a  result  of  partial 
dislocation.  Osseous  ankylosis  may  be  observed,  especially  m 
the  small  joints  of  the  hand  and  foot. 

The  disease  is  generally  poly-articular  and  may  be  met  with 
in  childhood  and  youth  as  well  as  in  adult  life.  In  some  cases 
pain  is  so  prominent  a  feature  that  the  patient  resists  the 
least  attempt  at  movement.  In  others,  the  joints,  although 
stiff,  can  be  moved  but  exhibit  pronounced  crackings.  VN  hen 
there  is  much  new  connective  tissue  formed  m  relation  to  the 
synovial  membrane,  the  joint  is  swollen,  and  as  the  muscles 
waste  above  and  below,  the  swelling  is  spindle-shaped. 
Subacute  exacerbations  occur  from  time  to  time,  with  ^e^er 
and  aggravation  of  the  local  symptoms  and  implication  of  other 
ioints  Finally,  there  is  ankylosis  with  deformity,  the  patient 
becoming  a  helpless  cripple.  On  account  of  the  tendency  to 
visceral  complications,  the  tenure  of  life  is  uncertain. 

From  the  nature  of  the  disease  treatment  is  for  the  most 
part  palliative.  Salicylates  are  only  of  service  during  the 
exacerbations  attended  with  pyrexia.  The  application  of  soda 
fomentations,  turpentine  cloths,  or  electric  or  hot-air  baths  lua^ 
be  useful.    Improvement  may  result  from  the  general  and 
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local  therapeutics  available  at  such  places  as  Bath,  Buxton, 
Harrogate,  Strathpeffer,  Wiesbaden,  or  Aix.  In  selected  cases, 
a  certain  measure  of  success  has  followed  operative  inter- 
ference, which  consists  in  a  modified  arthrectomy.  The 
deformities  resulting  from  chronic  rheumatism  are  but  little 
amenable  to  surgical  treatment,  and  forcible  attempts  to 
remedy  stiffness  or  deformity  are  to  be  avoided. 

Arthritis  Deformans  (Osteo-arthritis,  Blieumatoid  Arthritis, 
Rheumatic  Gout,  Malum  Senile,  Traumatic  or  Mechanical 
Arthritis). — Under  the  term  arthritis  deformans,  which  was 
first  employed  by  Virchow,  it  is  convenient  to  include  a  number 
of  joint  affections  which  have  many  anatomical  and  clinical 
features  in  common. 

The  morbid  changes  in  the  joints  present  a  remarkable 
combination  of  atrophy  and  degeneration  on  the  one  hand 
and  overgrowth  on  the  other,  indicating  a  profound  disturbance 
of  nutrition  in  the  joint  structures.  The  nature  of  this  disturb- 
ance and  its  true  etiology  are  imperfectly  known.  There  are, 
however,  a  number  of  local  conditions,  which,  by  preceding 
and  apparently  leading  up  to  the  disease,  may  at  least  be 
assumed  to  have  a  share  in  its  causation. 

Traumatic  Lesions  of  the  Joints  and  of  the  Articular  Ends  of 
Bone. — The  condition  is  frequently  observed  to  follow,  either 
directly  or  after  an  interval,  upon  gross  lesions,  such  as  disloca- 
tions or  fractures,  close  to  the  joint.  It  occurs  with  even 
greater  frequency  on  repeated  minor  injuries  affecting  the  joint 
and  its  vicinity,  such  as  sprains  and  contusions,  and  particularly 
those  sustained  in  laborious  occupations.  This  connection 
between  trauma  and  arthritis  deformans  led  Arbuthnot  Lane 
to  apply  to  it  the  term  traumatic  or  trade  arthritis. 

The  traumatic  or  strain  factor  in  the  production  of  the 
disease  may  be  manifested  in  a  less  obvious  fashion.  In  the 
lower  extremity,  for  example,  any  condition  lohich  disturbs  the 
static  eciuilihrium  of  the  limh  as  a  ivhole  would  appear  to 
predispose  to  the  disease  in  one  or  other  of  the  joints.  The 
static  equilibrium  may  be  disturbed  by  such  deformities  as 
flat-foot,  knock-knee,  and  abnormalities  of  the  pelvis  attended 
with  displacement  of  the  acetabulum.  Fractures  of  the  lower 
extremity,  also,  when  badly  united,  have  a  similar  influence. 
In  hallux  valgus,  the  metatarso-phalangeal  joint  of  the  great 
toe  very  commonly  becomes  the  seat  of  changes  characteristic 
of  arthritis  deformans. 

Antecedent  Disease  of  the  Joint. — A  number  of  cases  have 
been  recorded  in  which  the  morbid  changes  that  characterise 
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arthritis  deformans  have  followed  upon  infective  conditions, 
such  as  septic  or  gonorrhoeal  synovitis,  and  upon  repeated 
haemorrhages  into  the  knee-joint  in  bleeders. 

The  above  conditions,  however,  are  to  be  regarded  merely  as 
localising  factors.  To  enable  them  to  come  into  operation,  there 
must  either  be  a  constitutional  peculiarity  predisposing  to  the 
disease,  the  so-called  "arthritic  diathesis,"  or  some  form  of 
auto-intoxication,  the  toxins  presumably 
being  derived  by  absorption  from  the  gastro- 
intestinal tract. 

It  is  alleged  that  the  disease  is  met  with 
most  frequently  in  families  with  rheumatic 
or  gouty  tendencies,  but  while  it  is  true 
that  it  may  be  preceded  by  attacks  of  gout 
or  rheumatism,  there  is  no  evidence  to  show 
that  the  connection  between  these  diseases 
is  so  direct  as  the  terms  rheumatoid  arth- 
ritis and  rheumatic  gotit,  formerly  em- 
ployed, would  lead  one  to  believe. 

Morbid  Anatomy. — The  articular  car- 
tilage, which  at  first  presents  a  fibrillated 
appearance,  is  gradually  worn  away  as  a 
result  of  the  movements  of  the  joint,  until 
the  subjacent  bone  is  exposed.  At  the 
margins  of  the  articular  surfaces,  where 
the  synovial  membrane  and  cartilage  meet, 
there  is  an  active  proliferation  of  cartilage, 
resulting  in  nodular  projections — ecchon- 
clroses — which  have  been  compared  in 
appearance  to  the  droppings  from  a  candle. 
These  tend  to  be  converted  into  bone,  and 
the  ossification  thus  started  may  extend 
into  the  capsular  ligament,  thereby  adding 
to  the  articular  margins  a  collar  or  "  lip 
of  new  bone,  and  also  into  other  ligaments  and  into  the  insertions 
of  tendons,  giving  rise  to  outgrowths  of  howe— osteophytes  or 
spurious  exostoses  (Fig.  267). 

The  changes  which  take  place  within  the  articular  area 
subsequent  to  the  disappearance  of  the  cartilage  vary  in 
different  types  of  the  disease.  When  atrophy  with  rarefaction 
of  bone  is  the  predominant  feature,  the  enlarged  medullary 
spaces  are  opened  into  by  the  wearing  away  of  the  surface 
layer,  and  the  articular  surface  of  the  bone  then  presents  an 
eroded,  worm-eaten  appearance.    In  course  of  time  there  may 


Fig.  '267.— Arthritis  De- 
formans of  Elbow, 
showing  destruction  of 
articular  surfaces  and 
masses  of  new  bone 
around  the  articular 
margins. 

(Anatomical  Museum,  Uni- 
versity of  Edinburgh.) 
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be  considerable  disappearance  of  bone  and  consequent  alteration 
in  shape  and  size — a  change  which  is  Avell  illustrated  in  the 
progressive  enlargement  of  the  acetabulum  which  takes  place 
in  arthritis  deformans  of  the  hip.  On  the  other  hand,  when 
the  bone  is  condensed  and  sclerosed,  the  articular  surfaces 
become  smooth  and  polished,  and  when  this  change  is  very 
pronounced  the  appearance  may  be  like  that  of  ivory  or 
porcelain,  and  is  described  as  ehurnation  of  the  articular 
surfaces.  In  hinge  joints,  such  as  the  knee  or  elbow,  the 
eburnated  articular  surfaces  may  present  a  series  of  parallel 
grooves  corresponding  to  the  lines  of  friction  (Fig.  268). 
Eburnation  has  always  been  ascribed  to  the  polishing  of  the 
articular  surfaces  by  the  movements  of  the  joint,  but  as  it 
occurs  in  joints  where  movement  is  inconsiderable,  for  example 


Fig.  268. — Arthritis  Deformans  of  Kuee,  showing  eburnation  and  grooving 
of  articular  surfaces. 
(Anatomical  Museum,  University  of  Edinburgh.) 

the  inter-carpal  articulations,  there  must  be  some  other  factor 
in  its  production. 

Although  the  joint  may  become  locked  by  the  amount  of 
new  bone  formed  around  the  articular  margins,  hbrous  or  bony 
ankylosis  scarcely  ever  occurs,  except  in  the  joints  of  the 
vertebral  column. 

In  some  cases  the  synovial  membrane  merely  undergoes 
a  degenerative  alteration  into  cicatricial  tissue  with  a  marked 
tendency  to  contraction — arthritis  sicca.  In  other  cases  it 
actively  participates  in  the  proliferative  changes,  becoming  more 
vascular  and  thickened ;  and,  as  the  result  of  hypertrophy 
af  its  fringes  and  enlargement  and  subdivision  of  its  villi, 
becomes  thickly  set  with  elongated  or  club-shaped  processes 
which  hang  into  the  cavity  of  the  joint  (Fig.  269).  The  term 
arhorescc.nt  lipoma  is  applied  to  the  condition  when  fatty  fringes 
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are  developed  to  an  exaggerated  degree.  Individual  fringes 
may  undergo  special  enlargement  and  form  pendulous  growths, 
in  the  interior  of  which  cartilage  and  bone  may  be  formed ; 
these  may  attain  the  size  of  a  hazel-nut  or  even  of  a  walnut. 
Whether  they  remain  attached  to  the  synovial  membrane  by 
their  pedicles,  or  are  free,  they  may  give  rise  to  the  symptoms 
of  a  loose  body  in  the  joint.    When  the  synovial  changes  are 


Fig.  269.— Hypertrophied  Fringes  of  Synovial  Membrane  in  Arthritis 
Deformans  of  Knee. 
(Museum  of  Royal  College  of  Surgeons,  Edinburgh.) 

prominent,  there  is  usually  considerable  serous  effusion  into  the 
joint,  constituting  one  form  of  hydrops. 

Clinical  Features.— It  is  usually  observed  that  in  patients 
who  are  still  young  the  tendency  is  for  the  disease  to  advance 
with  considerable  rapidity,  so  that  in  the  course  of  a  few 
months  it  may  cause  serious  crippling  of  several  joints.  The 
course  of  the  disease  as  met  with  in  persons  past  middle  life 
is  more  gradual.  It  begins  msidiously,  and  often  many  years 
pass  before  there  is  any  pronounced  disability.    The  earliest 
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symptom  is  stiffness  of  a  joint,  especially  in  the  morning  after 
rest,  which  passes  off  temporarily  with  use  of  the  limb.  As 
time  goes  on,  the  range  of  movement  becomes  restricted,  and 
crackings  occur.  This  stage  of  the  disease  may  be  prolonged 
indefinitely ;  if  it  progresses,  stiffness  becomes  more  pronounced, 
certain  movements  are  lost,  others  develop  in  abnormal  direc- 
tions, and  the  ends  of  the  bones 
stand  out  prominently.  The  disease 
is  compatible  with  long  life,  but 
not  with  any  active  occupation. 

Hydrops  is  frequent  in  the  knee, 
and  may  be  met  with  in  the  elbow, 
shoulder,  and  ankle  ;  and  there  may 
also  be  hydrops  of  the  adjacent 
burs£e.  As  the  joint  becomes  dis- 
tended with  fluid,  the  ligaments 
are  stretched,  so  that  the  limb 
becomes  weak  and  unstable.  The 
patient  complains  of  a  feeling  of 
weight,  of  insecurity,  and  of  tired- 
ness in  the  joint.  Pain  is  occasional 
and  evanescent,  and  is  usually  the 
result  of  some  extra  exertion,  or 
exposure  to  cold  and  wet.  This 
form  of  the  disease  is  extremely 
chronic,  and  may  last  for  an  in- 
definite number  of  years.  It  is  to 
be  diagnosed  from  the  other  forms 
of  hydrops  already  considered — 
the  purely  traumatic,  the  pyogenic, 
gonorrhoeal,  tuberculous,  and  syphi- 
litic— and  from  that  associated  with 
Charcot's  disease. 

Fringes  and  pedimculated  or  loose 
bodies,  when  added  to  hydrops,  give 
rise  to  characteristic  clinical  features, 
particularly  in  the  knee.  The  patient 
may  first  apply  for  advice  on  ac- 
count of  the  symptoms  of  loose  body.  The  fringes,  especially 
when  they  assume  the  luxuriance  of  what  has  been  described 
as  the  arborescent  lipoma,  project  into  the  cavity  of  the  joint, 
filling  up  its  recesses  and  distending  its  capsule.  The  joint  is 
swollen  and  slightly  flexed.  Pain  is  not  a  prominent  feature, 
the  functions  of  the  joint  are  but  little  impaired,  and  the 


Fig.  270.— Arthritis  Deformans 
affecting  several  Joints,  in  a 
boy  ret.  10. 

(Dr.  Dickson's  case.) 
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patient  may  walk  fairly  well.  On  grasping  the  joint  while  it  is 
being  flexed  and  extended  by  the  patient,  the  fringes  may  be 
felt  moving  under  the  fingers. 

The  dry  form  of  arthritis  cZe/brma7is  (arthritis  sicca),  although 
specially  common  in  the  knee,  is  met  with  in  other  joints, 
either  as  a  mon-articular  or  poly-articular  disease  ;  and  it  is 
also  very  common  in  the  joints  of  the  spine  and  of  the  fingers, 
as  well  as  in  the  temporo-maxillary  joint.  In  the  joints  of  the 
fingers  in  older  patients  the  disease  is  remarkably  symmetrical, 
and  tends  to  assume  a  nodular  type  (Heberden's  nodes)  (Fig. 
271) ;  while  in  younger  subjects  it  assumes  a  more  crippling, 
painful,  and  progressive  fusiform  type  (Fig.  270).  In  the 
larger  joints  the  subjective  symptoms  usually  precede  any 
palpable  evidence  of  disease,  the  patient  complaining  of  stift- 


FIG  271.-Artliritis  Deformans  of  Hauds,  showing  symmetry  of  lesions 
ulnar  deviation  of  fingers,  and  nodular  thickening  at  mter-plialangeal 
j  oin'ts. 


ness,  crackings,  and  aching,  aggravated  }lj^^f^ 
weather  and  by  rest.    The  roughness  due  to  fibrillation  of  the 
articular  cartilages  causes  coarse  friction  on  moving  the  joint. 
It  may  be  months  or  even  years  before  the  lipping  and  other 
hypertrophic  changes  in  the  ends  of  the  bones  are  recognisable 
and  before  the  joint  assumes  the  deformed  features  which  the 

name  of  the  disease  suggests.  •    4i.p  ,pnt  of 

The  capsular  ligament,  except  m  hydrops,  is  the  seat  o 
connectivi-tissue  overgrowth,  and  tends  to  l^^come  contrac  ed 
Ind  ric^id.  Intra-avticular  ligaments,  such  as  the  ligament,  m 
teres  in  the  hip,  are  usually  worn  away  and  disappear.  The 
iiround  ng  m  i  cles  become  atrophied,  tendons  become  ad- 
herTto  their  sheaths  and  may  be  ossified,  and  nerves  may  be 
involved  by  the  cicatricial  changes  in  the  tissues  surrounding 

^^^^T^'eatment.-Jxi  the  absence  of  definite  knowledge  of  the 


ARTHRITIS  DEFORMANS 


721 


etiology  of  the  disease,  treatment  is  directed  towards  the  relief 
of  sjm^ptoms.  Ou  no  account  should  the  affected  joints  be  kejDt 
at  rest.  Active  movements  and  exercises  of  all  kinds  are  to  be 
persevered  with.  When  pain  is  a  prominent  feature,  it  may 
be  relieved  either  by  douches  of  iodine  and  hot  water  (tincture 
of  iodine  1  oz.  to  the  quart),  or  by  the  application  of  lint 
saturated  with  a  lotion  made  up  of  chloral  hydrate,  gr.  v, 
glycerin  3j,  water  gj,  and  covered  with  oil-silk.  Strain  of  the 
joint  and  sudden  changes  of  temperature  are  to  be  avoided. 
The  induction  of  hypersemia  by  means  of  massage,  the  elastic 
bandage,  and  hot-air  baths  is  often  of  great  service.  Operative 
interference  is  only  indicated  when  the  disease  is  of  a  severe 
type,  when  it  is  mon-articular,  and  when  the  general  condition 
of  the  patient  is  otherwise  favourable.  Excision  has  been 
practised  with  success  in  the  hip,  knee,  elbow,  and  temporo- 
maxillary  joints.  Loose  bodies  and  hypertrophied  fringes  readily 
lend  themselves  to  removal  by  operation. 

A  course  of  treatment  at  one  of  the  reputed  spas— Aix, 
Bath,  Buxton,  Gastein,  Harrogate,  StrathpejEfer,  Wiesbaden, 
Wildbad — is  often  of  service. 

Wlien  stiffness  and  grating  on  movement  are  prominent 
features  we  have  found  the  injection  of  from  half  to  one  ounce 
of  sterilised  white  vaseline  afford  decided  relief. 

The  patient  should  be  nourished  well,  and  there  need  be 
no  restriction  in  the  diet  such  as  is  required  in  gouty  patients, 
so  long  as  the  digestion  is  not  impaired.  Benefit  is  also 
derived  from  the  administration  of  cod-liver  oil,  and  of  tonics, 
such  as  strychnin,  arsenic,  and  iron,  and  in  some  cases  of 
iodide  of  potassium.  Luff  recommends  the  administration 
over  long  periods  of  guaiacol  carbonate,  in  cachets  beginning 
with  doses  of  5-10  grs.  and  increased  to  15-20  grs.  thrice 
daily. 

HsemophiUc  or  Bleeder's  Joint.  —  This  is  a  rare  but 
characteristic  affection  met  with  chiefly  in  the  knee-joint  of 
boys  who  are  the  subjects  of  htemophilia.  After  some  trivial 
injury,  or  even  without  apjjarent  cause,  a  hfemorrhage  takes 
place  into  the  joint.  The  joint  is  tensely  swollen,  cannot  be 
completely  extended,  and  is  so  painful  that  the  patient  is 
1 "P-  The  temperature  is  often  raised  (101°  to 
102  1^),  especially  if  there  are  also  hjemorrhages  elsewhere 
in  the  body.  The  blood  in  the  joint  is  slowly  re-absorbed 
and  m  a  week  or  so  there  is  complete  return  to  the  normal' 
In  course  of  tune  these  attacks  are  repeated;  the  pain  attend- 
ing them  diminishes,  but   the  joint   becomes   the  seat  of 
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permanent  changes.  The  synovial  membrane  is  thickened, 
abnormally  vascular,  and  coloured  brown  from  the  deposit 
of  blood  pigment ;  on  its  surface,  and  in  parts  of  the  articular 
cartilage,  there  is  a  deposit  of  rust-coloured  fibrin,  there  may 
be  extensive  adhesions,  and  in  some  cases  changes  occur  like 
those  observed  in  arthritis  deformans.  As  the  swellmg  of  the 
joint  is  associated  with  wasting  of  the  muscles,  with  stiffness, 
and  with  flexion,  the  condition  may  closely  resemble  tuberculous 
disease  of  the  synovial  membrane.  From  errors  in  diagnosis 
such  joints  have  been  operated  upon,  with  disastrous  results. 

The  treatment  of  a  recent  haemorrhage  consists  in  securmg 
absolute  rest  and  applying  elastic  compression.  After  an 
interval,  measures  should  be  adopted  to  promote  the  absorp- 
tion of  blood  and  to  prevent  stiffness  and  flexion;  these 
include  massage,  movements,  and  extension  with  weight  and 
pulley. 

Joint  Diseases  associated  with  Lesions  of  the  Nervous 
System  :  Neuro  -  Arthropathies  ;  Spinal  Arthro- 
pathies ;  Charcot's  Disease 

In  Lesions  of  Perijjheral  Nerves.— In  the  hand,  and  more 
rarely  in  the  foot,  when  one  or  other  of  the  main  nerve-trunks 
has  been  divided  or  compressed,  the  joints  become  swollen  and 
painful,  and  may  afterwards  become  stiff  and  deformed.  Bony 
ankylosis  has  been  observed  in  exceptional  eases. 

In  AfecHons  of  the  Spinal  Cord.— In  myelitis,  progressive 
muscular  atrophy,  poliomyelitis,  insular  sclerosis,  and  m  trau- 
matic lesions,  joint  affections  are  rare,  but  they  are  not  uncommon 
in  locomotor  ataxia  and  in  syringomyelia. 

The  occurrence  of  joint  lesions  in  locomotor  ataxia  ^tabes 
dorsalis)  was  first  described  by  Charcot  in  ISSS-hence  the 
term  "Charcot's  disease"  applied  to  them.  Although  they 
usually  develop  in  the  ataxic  stage,  one  or  more  years  after  tiie 
initial  spinal  symptoms,  they  may  appear  before  there  is  any 
other  evidence  of  tabes.  The  onset  is  frequently  determined 
by  some  injury  to  the  joint.  The  joints  of  the  lower  extremity 
are  most  commonly  affected,  and  the  disease  is  bilateral  m  a 
considerable  proportion  of  cases— both  knees  or  both  hips,  lor 
instance,  being  implicated  (Fig.  292).  _ 

The  first  symptom  is  usually  a  swelling  of  the  joint  and  its 
vicinity,  often  over  a  wide  extent.  There  is  no  redness  or  heat 
and  no  pain  on  movement.  The  peri-articular  swellmg,  unlike 
ordintuy  oedema,  scarcely  pits  even  on  firm  pressure. 
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In  mild  cases  this   condition  of  affairs  may  persist  for 

months;   in   severe   cases   destructive   changes   ensue  Avith 

remarkable  rapidity.  The  joint  be- 
comes enormously  swollen,  loses  its 

normal  contour,  and  the  ends  of  the 

bones    become    irregularly  deformed 

(Fig.  272).    Sometimes,  and  especially 

in  the  knee,  the  clinical  features  are 

those  of  an  enormous  hydrops  with 

fibrinous  and  other  loose  bodies  and 

hyper  -  trophied   fringes  —  and  great 

oedema  of   the  peri-articular  tissues 

(Fig.  273).    The  joint  is  wobbly  or 

flail-like    from    the    stretching  and 

destruction  of   the   controUing  liga- 
ments, and  is  devoid  of  sensation. 
In  other   cases,  wearing   down  and 
total  disappearance  of  the  ends  of  the 
bones  is  the  prominent  feature,  attended 
with  flail-like  movements  and  with 
coarse  grating  in  the  joint.  Disloca- 
tion is  observed  chiefly  at  the  hip 
(Fig.  292),  and  is  rather  a  gross  dis- 
placement with  exaggerated  mobility 
than  a  typical  dislocation,  and  it  is 
usually  possible  to  move  the  bones 
freely  upon  one  another.    An  occa- 
sional and  very  striking  feature  is  the 
extensive  development  of  new  bone  in 
the  capsular  ligament  and  surrounding 
muscles,  resulting  in  the  formation  of 
large  masses  and  plates  of  bone  which 
may  add  materially  to   the  already 
existing  deformity.    In  certain  cases  u-«,;„^ 
the  enormous  swelling  and  its  rapid  Fig.  272.-Bones  of  Knee- 
development  may  suggest  the  growth     Jo™t  in  advanced  stage  of 
of  a  malignant  tumour.    The  most     "  ^' 
useful  factor  in  diagnosis  is  the  entire 
absence  of  pain,  of  tenderness,  and  of 
common   sensibility.      The  freedom 
with  which  a  tabetic  patient  will  allow 

.WeciZ:'"'         '°     •■""^'^^  -V"-  '»  be  seen  to  be 
The  rapidity  „t  the  destructive  changes  in  certain  casee 


Charcot's  Disease.  "Tlie 
inner  part  of  the  liead  of 
the  tibia  has  entirely  ilis- 
appeared. 

(Anatomical  Museum, 
University  of  Edinburgli.) 
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of  tabes,  and  the  entire  absence  of  jomt  lesions  m  others, 
would  favour  the  view  that  special  parts  of  the  spinal  cord 
must  be  implicated  in  the  former  groiyp. 

In  syringomyelia,  joint  affections  (gliomatous  arthropathies) 
are  more  frequent  than  in  tabes,  and  they  usually  involve 
the  upper  extremity  in  correspondence  with  the  seat  ot  the 
spinal  lesion,  which  usually  affects  the  lower  cervical  and 
upper  dorsal  segments  of  the  cord  (Fig,  278)  Except  ha 
°  thejoint  disease  is  seldom 

symmetrical,  it  closely  re- 
sembles the  arthropathy 
of  tabes.    The  complete- 
ness of  the  analgesia  of 
the   articular  structures 
and  of  the  overlying  soft 
parts  is  well  illustrated 
by  the  fact  that  in  one 
case  the  patient  himself 
was  in  the  habit  of  letting 
out  the  fluid  from  his 
elbow  with  the  aid  of  a 
pair  of  scissors,  and  that 
in  another  the  joint  was 
painlessly  excised  without 
an  ansesthetic. 

The  disease  may  be- 
come arrested  or  may  go 
on  to  complete  disorgan- 
isation of  the  joint ;  sup- 
puration may  ensue  from 
infection  through  a  breach 
of  the  surface,  and  in 
rare  cases  the  joint  has 
become  the  seat  of  tuber- 
culosis. 

Treatment  apart  from  that  of  the  nerve  lesion  underlying 

the  consists  in  fVVori^^^^ 

ioint  by  means  of  bandages,  splints,  and  othei  /^Pl^'^f™^; ,  ."^^ 


Fig  273.— Charcot's  Disease  of  Lett  Knee. 
The  joint  is  distended  with  fluid  and 
the  whole  limb  is  oedematous. 
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when  the  cord  lesion  is  such  as  will  permit  of  the  patient 
moving  about.  The  wounds  heal  well,  but  the  victims  of  tabes 
are  unfavourable  subjects  for  operative  interference,  on  account 
of  their  liability  to  intercurrent  complications.  When  the 
limb  is  quite  useless,  amputation  may  be  the  best  course. 

In  cerebral  lesions  attended  with  hemiplegia,  jomt  affections, 
characterised  by  evanescent  pain,  redness,  and  swelling,  are 
occasionally  met  with  in  the  paralysed  limbs.    The  secondary 


•i'lo.  2/4.— Charcot's  Disease  of  Left  Knee-joint. 
(Photograph  lent  by  Mr.  J.  M.  C'otterill.) 

changes  in  joints  which  are  the  seat  of  paralytic  contracture 
are  considered  with  Deformities. 

An  intermittent  neuropathic  hydrops  has  been  observed— 
especially  in  the  knee— in  cases  of  hysteria  and  other  func- 
tional affections  of  the  nervous  system.  Without  apiiarent 
cause,  the  joint  fills  with  fluid  and  its  movements  become  re- 
stricted, and  after  from  two  to  eight  days  the  swelling  subsides 
and  the  jomt  returns  to  normal.    A  remarkable  feature  of  the 
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condition  is  that  the  effusion  of  the  joint  recurs  at  regular 
intervals,  it  may  be  over  a  period  of  years.  Psychic  conditions 
have  been  known  to  induce  attacks,  and  sometimes  to  abort 
them  or  even  to  cause  their  disappearance.  Hence  it  has  been 
recommended  that  treatment  by  suggestion  should  be  employed 
along  with  tonic  doses  of  quinine  and  arsenic. 

Hysteeical  or  Mimetic  Joint  Affections 

Under  this  heading,  Sir  Benjamin  Brodie,  in  1822,  described 
an  affection  of  the  joints,  characterised  by  the  prominence  of 
subiective  symptoms  and  the  absence  of  pathological  changes. 
Although  most  frequently  met  with  in  young  women  with  an 
impressionable  nervous  system,  and  especially  among  those  m 
crood  social  circumstances,  it  occurs  occasionally  m  men.  iiie 
onset  may  be  referred  to  injury  or  exposure  to  cold,  or  may  be 
associated  with  some  disturbance  of  the  emotions,  or  with 
disease  of  the  generative  organs;  or  the  conditions  may  be 
an  involuntary  imitation  of  the  symptoms  of  organic  joint 
disease  presented  by  another  patient.    ,     ,  , 

It  is  characteristic  that  the  symptoms  develop  abruptly  with- 
out sufficient  cause,  that  they  are  exaggerated 
harmony  with  one  another,  and  that  they  do  not  correspond 
with  the  typical  features  of  any  of  the  known  forms  of  organ 
Jsease    In  some  cases  the  only  complaint  is  of  severe  neuralgic 
nSns    more  often  these  are  associated  with  excessive  tender- 
Tes    ^nd  with  impairment  of  the  functions  of  the  joint^  On 
examination  the  joint  presents  a  normal  appeai^auce  but  the 
skin  over  it  is  remarkably  sensitive.    A  hght  ^^^^^^^ 
likelv  to  excite  pain  than  deep  and  firm  pressure.    Stiffness  s 
i  variable  featur'e-in  some  cases  amounting  to  absolute  ng^^^^^^^^^ 
so  that  no  ordinary  force  will  elicit  movement.    It  is  cliaiacter 
TJc  oi  this  a  of  other  neuroses,  that  the  symptoms  come  and 

Zl  adduction-and  attempts  at  movement  may  then  cau.e 

"'^hediaanosis  is  often  a  matter  of  considerable  difficulty,  and 

thJtiSrt  liable  to  bemistak^if^s^W 

as  a  tuberculous  or  pyogenic  focus  m  the  bone  clo.e  j 
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which  may  cause  vague  neuralgic  pains  for  long  periods  before 
rupturing  into  the  articulation.  The  greatest  difficulty  is  met 
with  in  the  knee  and  hip,  where  the  condition  may  closely 
simulate  tuberculous  disease.  The  use  of  the  Rontgen  rays, 
or  examination  of  the  joint  under  anaesthesia,  are  to  be  had 
recourse  to  in  difficult  cases. 

The  local  treatment  consists  chiefly  in  improving  the  nutrition 
of  the  aflected  limb  by  means  of  massage,  exercises,  baths,  and 
electricity.  Splints  are  to  be  avoided.  In  refractory  cases, 
considerable  benefit  may  follow  the  application  of  Corrigan's 
button  or  the  actual  cautery.  The  general  condition  of  the 
patient  must  be  treated  on  the  same  lines  as  in  other  neuroses. 
The  Weir-Mitchell  treatment  may  have  to  be  employed  in 
obstinate  cases,  the  patient  being  secluded  from  her  friends 
and  placed  in  charge  of  a  nurse.  Complete  recovery  is  the 
rule,  but  when  the  muscles  are  weak  and  wasted  from  pro- 
longed disuse,  a  considerable  time  may  elapse  before  the  limb 
returns  to  normal. 

Tdtvioues  and  Cysts 

JS'ew-growths  taking  origin  in  the  synovial  membrane  are 
very  rare,  and  are  not  usually  diagnosed  before  the  joint  is 
opened.  They  are  frequently  attended  with  an  exudation  into 
the  joint,  and  in  the  case  of  sarcomata  the  fluid  is  usually 
blood-stained.  If  the  tumour  projects  in  a  polypoidal  manner 
into  the  joint,  it  may  cause  symptoms  of  loose  body.  One  or 
two  cases  have  been  recorded  in  which  a  cartilaginous  tumour 
growing  from  the  synovial  membrane  has  erupted  through  the 
joint  capsule  and  infiltrated  the  adjoining  muscles.  IMtiple 
cartilaginous  tumours  forming  loose  bodies  in  the  joint  are 
described  on  p.  732. 

C'ljsfs  of  joints  constitute  an  ill-defined  group  which  includes 
ganglia  formed  in  relation  to  the  capsular  ligament.  Cystic 
distension  of  burs^  which  communicate  with  the  joint  is  most 
often  met  with  in  the  region  of  the  knee  in  cases  of  long- 
standing hydrops.  It  was  suggested  by  Morrant  Baker  that 
similar  cystic  swellings  may  result  from  the  hernial  protrusion 
of  the  synovial  membrane  between  the  stretched  fibres  of  the 
capsular  ligament,  and  the  name  "Baker's  cysts"  has  been 
applied  to  these. 

In  the  majority  of  cases,  cysts  in  relation  to  joints  give  rise  to 
little  inconvenience  and  may  be  left  alone.  If  interfered  with 
at  all,  they  should  be  excised. 
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Loose  Bodies 

While  there  is  considerable  difference  of  opinion  as  to  the 
origin  and  nature  of  loose  bodies,  their  chnical  aspects  and 
treatment  are  clear  and  straightforward.  It  is  convenient  to 
describe  the  varieties  of  loose  bodies  under  two  heads :  those 
composed  of  fibrin,  and  those  composed  of  organised  connective 
tissue. 

Fibrinous  Loose  Bodies  (corpora  oryzoidea).  —  These  are 
homogeneous  or  concentrically  laminated  -  masses  of  fibrin, 
sometimes  resembling  rice  grains,  melon  seeds,  or  adhesive 
wafers,  sometimes  quite  irregular  in  shape.     Usually  they 
are  present  in  large  numbers,  but  sometimes  there  is  only 
one,  and  it  may  attain  considerable  dimensions.    They  are  not 
peculiar  to  joints,  for  they  are  met  with  in  tendon  sheaths 
and  bursffi,  and  their  origin  from  synovial  membrane  may 
be  accepted  as  proved.    They  occur  in  tuberculosis,  arthritis 
deformans,  and  in  Charcot's  disease,  and  then-  presence  is 
almost  invariably  associated  with  an  effusion  of  fluid  into  the 
joint.    While  they  may  result  from  the  coagulation  of  fibrm- 
forming  elements  in  the  exudate,  their  occurrence  in  tuberculous 
hydropl  would  appear  to  be  the  result  of  coagulation  necrosis 
or  of  fibrinous  degeneration  of  the  surface  layer  of  the  diseased 
synovial  membrane.    However  formed,  their  shape  is  the  result 
of  mechanical  influences,  and  especially  of  the  movement  of 
the  joint. 

Clinically,  loose  bodies  composed  of  fibrin  constitute  an  un- 
important addition  to  the  features  of  the  disease  with  which 
they  are  associated.  Thev  never  give  rise  to  the  classical 
symptoms  associated  with  impaction  of  a  loose  body  between 
the  articular  ends  of  the  bones.  Their  presence  may  be 
recognised,  especially  in  the  knee,  by  the  crepitating  sensa- 
tion imparted  to  the  fingers  when  the  bodies  are  moved  to 

and  frc)  in  the  fluid.  j    ,  •  +1, 

The  treatment  is  directed  towards  the  disease  underlying  tne 
hydrops.  If  it  is  desired  to  empty  the  joint,  this  is  best  done 
by  means  of  an  incision. 

Bodies  composed  of  Organised  Connective  Tissue. --Ihese 
are  comparatively  common  in  joints  which  are  already  the  seat 
of  some  chronic  disease,  such  as  arthritis  deformans,  Charcots 
arthropathy,  or  synovial  tuberculosis.  They  take^origm  almost 
exclusively  from  an  erratic  overgrowth  of  the  fringes  of  be 
synovial  membrane,  and  may  consist  entirely  of  tat,  tlie 
arborescent  lipoma  (Fig.  269)  being  the  most  remarkable  ex- 
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ample  of  this  variety.  Fibrous  tissue  or  cartilage  may  form 
in  one  or  more  of  the  fatty  fringes  and  give  rise  to  hard 
nodular  masses,  which  may  attain  a  considerable  size,  and  in 
course  of  time  may  undergo  ossification  (Fig.  275). 

Like  other  hypertrophies  on  a  free  surface,  they  tend  to 
become  pedunculated,  and  so  acquire  a  limited  range  of  move- 
ment. The  pedicle  may  give  way  and  the  body  become  free. 
In  this  condition  it  may  wander  about  the  joint,  or  lie  snugly 
in  one  of  its  recesses  until  disturbed  by  some  exaggerated 
movement.  It  is  alleged  that  a  loose  body  free  in  a  joint  is 
capable  of  growth,  deriving  the  necessary  nutriment  from  the 
surrounding  fluid.  The  size  and  number 
of  the  bodies  vary  widely.  •  Single  speci- 
mens have  been  known  to  attain  the  size 
of  the  patella.  The  smaller  varieties  may 
number  considerably  over  a  hundred. 

In  arthritis  deformans  a  rarer  type  of 
loose  body  is  met  with,  a  portion  of  the 
lipping  of  one  of  the  articular  margins 
being  detached  by  injury.  In  Charcot's 
disease,  bodies  composed  of  bone  may  be 
formed  in  relation  to  the  capsular  and 
other  ligaments,  and  can  be  made  to  grate 
uijon  one  another. 

The  clinical  features  in  this  group  are        275  — Loose  Bodies 
mainly  those  of  the  disease  which  has     *  " 
given  rise  to  the  loose  bodies,  and  it  is 
exceptional  to  meet  with  definite  symp- 
toms from  impaction  of  a  body  between 
the  articular  surfaces.    Treatment  is  to  be 
directed  towards  the  primary  disease  in  the  joint,  as  well  as  to 
the  removal  of  the  loose  bodies. 

Loose  Bodies  in  Joints  loliich  are  othertoise  healthy. — It  is  in 
joints  otherwise  healthy  that  loose  bodies  causing  the  classical 
symptoms  and  calling  for  operative  treatment  are  most  frequently 
met  with.  They  occur  chiefly  in  the  knee  and  elbow  of  healthy 
males  under  the  age  of  thirty.  The  complaint  may  be  of  vague 
pams,  which  are  ascribed  to  rheumatism,  of  occasional  cracking 
on  moving  the  joint,  or  of  impairment  of  function— usually  an 
inability  completely  to  extend  or  flex  the  joint.  In  many  cases 
a  clear  account  is  given  of  the  characteristic  symptoms  which 
arise  when  the  body  is  impacted  between  the  articular 
surfaces,  namely,  sudden  onset  of  intense  sickening  pain 
loss  of  power  in  the  limb  and  locking  of  the  joint,  followed 


from  Knee-joint,  con- 
sisting of  cartilage 
and  bone. 

(Anatomical  Museum, 
University  of  Edinburgh.) 
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by  effusion  and  the  other  accompaniments  of  a  severe  sprain. 
On  making  some  particular  movement  of  the  joint,  the  body 
may  be  disengaged,  the  locking  disappear,  and  recovery  take 
place,  as  after  a  sprain.  Attacks  of  this  kind  may  recur  at 
irregular  intervals  during  a  period  of  many  years.  On  examin- 
ing the  joint,  it  is  usually  found  to  contain  fluid,  and  there 
may  be  points  of  special  tenderness  corresponding  to  the  liga- 
ments that  have  been  sprained.  The  patient  himself,  or  the 
surgeon,  may  be  able  to  palpate  the  loose  body  and  feel  it  roll 
beneath  his  fingers,  especially  if  it  is  lodged  in  the  supra- 
patellar pouch  in  the  knee,  or  on  one  or  other  side  of  the 
olecranon  in  the  elbow.     In  most  instances  the  patient  has 


FIG.  276.-Loose  Body  from  Knee  -joint  of  man  fet.  25.    Natural  size, 
o = Convex  surface.      6  =  Concave  surface. 

carefully  observed  his  own  symptoms,  and  is  aware  not  only 
of  the  existence  of  the  loose  body,  but  of  its  situation  when 
attached,  or  of  its  erratic  appearance  at  different  pai-ts  of  the 
ioint  when  free.  When  the  body  contams  bone,  it  may  be 
visible  in  a  skiagram.  While  in  some  cases  the  patient 
attributes  his  symptoms  to  an  injury,  exactly  similar  pheno- 
mena may  occur  apart  altogether  from  traumatic  influences. 
The  treatment  consists  in  opening  the  joint  and  removing  tin 

^°  The  clwacters  of  these  loose  bodies  are  remarkably  constant. 
They  are  usually  solitary,  about  the  size  of  a  bean  or  a  mond 
concavo-convex  in  shape,  the  convex  aspect  being  smooth  liko 
an  articular  surface,  the  concave  aspect  more  often  uneven  ana 
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nodulated  (Fig.  276).  Such  bodies  may  be  lodged  in  a  kind 
of  compartment  or  excavation  in  one  of  the  articular  surfaces, 
usually  the  inner  condyle  of  the  femur,  close  to  the  attachment 
of  the  posterior  crucial  ligament,  from  which  they  may  be 
readily  shelled  out  by  means  of  an  elevator.  They  usually 
present  on  section  a  nucleus  or  core  of  spongy  bone  or  of 
calcified  cartilage. 

As  to  the  origin  of  these  bodies,  some  maintain  that  they 
result  from  the  detachment  by  injury  of  a  portion  of  the 


Fig.  277.— Multiple  Chondromata  of  Synovial  Membrane,  from  Knee-joint. 


articular  surface,  while  Kdnig  regards  them  as  portions  of  the 
articular  surfaces  which  have  been  detached  by  a  morbid 
process  which  he  calls  "osteochondritis  dissecans." 

Multiple  Chondromata  of  the  Sijnovial  Mevibrane. — In  this 
rare  type  of  loose  body,  the  surface  of  the  synovial  membrane 
IS  studded  over  with  small  sessile  or  pedunculated  tumours 
composed  of  pure  hyaline  cartilage.  They  are  pearly  white  in 
colour,  pitted  atid  nodular  on  the  surface,  rarely  larger  than  a 
pea,  although  when  compressed  they  may  cake  into  masses  of 
considerable  size.    With  the  movements  of  the  joint  many 
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of  the  tumours  become  detached  and  lie  in  the  serous  exudate 
excited  by  their  presence.  •  r«wiu ' 

The  patient  complains  of  increasing  disability  of  the  limb, 
movements  of  the  joint  becoming  more  and  more  restricted  and 
painful.  There  is  swelling  corresponding  to  the  distended 
capsule  of  the  joint,  and  on  palpation  the  bodies  moving  under 
the  fingers  yield  a  sensation  as  of  grains  of  rice  shifting  in  a 
bag.  If  the  bodies  are  so  numerous  as  to  be  tightly  packed 
together,  the  impression  is  that  of  a  solid  mass  having  the 
shape  of  the  synovial  sac.  We  have  observed  two  cases  of  this 
affection,  both  in  the  knee-joint  of  adult  women ;  the  removal 
of  the  loose  bodies  (Fig.  277)  by  open  operation  resulted  in  a 
useful  joint. 

Displacement  of  the  semilunar  cartilages  in  the  knee  is 
referred  to  with  injuries  of  that  joint  (p.  593). 


CHAPTER  XXX 


DISEASES  OF  INDIVIDUAL  JOINTS 
The  Shoulder-Joint 

The  shoulder  is  seldom  the  seat  of  disease,  and  most  affections 
of  the  joint  are  met  with  in  adults.  In  young  subjects, 
infective  processes  result  chiefly  from  extensions  of  disease 
from  the  upper  epiphysial  junction  of  the  humerus,  which 
is  partly  included  within  the  limits  of  the  synovial  cavity. 
The  synovial  membrane,  in  addition  to  lining  the  capsular 
ligament,  is  prolonged  down  the  bicipital  groove  around  the 
long  tendon  of  the  biceps,  and  pus  may  escape  from  the  joint 
by  this  diverticulum  and  gravitate  down  the  arm.  There  is 
frequently  a  communication  between  the  joint  and  the  sub- 
deltoid bursa.  There  is  no  characteristic  attitude  in  disease  of 
the  shoulder-joint,  but  the  girdle  is  usually  elevated,  the  upper 
arm  held  close  to  the  side  and  rotated  slightly  inwards,  while 
the  elbow  is  carried  a  little  backwards.  In  the  later  stages, 
the  head  of  the  humerus  may  be  drawn  upwards  and  inwards 
towards  the  coracoid  process.  Fixation  of  the  shoulder-joint 
is  largely  compensated  for  by  free  movement  of  the  scapula 
on  the  thorax,  so  that  when  testing  for  rigidity  the  scapula 
should  be  fixed  with  one  hand,  while  passive  movements 
of  the  arm  are  carried  out  with  the  other.  The  deltoid  is 
usually  atrophied,  allowing  the  acromion,  coracoid,  and  great 
tuberosity  of  the  humerus  to  stand  out  prominently  beneath 
the  skin.  Swelling  is  rarely  a  prominent  feature,  except  when 
there  is  a  collection  of  fluid  or  an  abscess  in  the  bursa  beneath 
the  deltoid. 

Tuberculous  Disease. — This  is  usually  met  with  in  young 
adults,  and  is  more  common  in  the  right  shoulder.  The  promi- 
nent features  are  pain,  rigidity,  and  wasting  of  the  deltoid  and 
scapular  muscles.  The  pain  is  sometimes  severe,  shooting 
down  the  arm  and  interfering  with  sleep,  and  it  may  be 
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associated  with  tenderness  on  pressure  over  the  upper  end  of 
the  humerus.  In  cases  with  carious  destruction  of  the  articular 
surfaces,  there  are  starting  pains,  and  the  upper  arm  is  shortened. 
If  a  cold  abscess  forms  in  the  bursa  underneath  the  deltoid,  the 
pus  may  burrow  and  appear  at  the  anterior  or  posterior  boundary 
of  the  axilla  or  in  the  axillary  space.  Pus  formed  in  the  joint 
tends  to  gravitate  along  the  bicipital  groove.  The  axillary 
glands  may  be  infected. 

The  pathological  lesion  is  either  a  large  caseating  focus  in 
one  of  the  bones — most  often  in  the  upper  end  of  the  humerus 
— or  it  is  of  the  nature  ofjjcaries  sicca.  The  greater  part  of  the 
head  may  disappear,  and  the  upper  end  of  the  shaft  be  drawn 
against  the  socket.  In  exceptional  cases,  portions  of  the  glenoid 
or  humerus  are  found  separated  as  sequestra,  or  the  disease  in- 
volves parts  outside  the  joint,  such  as  the  acromion  or  coracoid 
process.  Hydrops  with  melon-seed  bodies  is  rare.  In  young 
subjects,  destruction  of  the  tissues  at  the  ossifying  junction  may 
result  in  considerable  shortening  of  the  upper  arm. 

The  diagnosis  is  to  be  made  from  (1)  arthritis  deformans,  in 
which  the  movements  are  less  restricted,  and  are  attended  with 
grating  and  crackling ;  (2)  paralysis  involving  the  deltoid  and 
scapular  muscles — by  the  absence  of  pain,  and  the  flail-like 
character  of  the  movements;  (3)  disease  in  the  sub-deltoid 
bursa  by  the  absence,  of  rigidity  and  other  evidence  of  im- 
plication of  the  articular  surfaces  ;  and  (4)  sarcoma  of  the 
upper  end  of  the  humerus— by  the  history  of  the  case,  the  use 
of  the  X-rays  or  an  exploratory  incision. 

While  the  prognosis  is  favourable  on  the  whole,  spontaneous 
recovery  is  usually  attended  with  fibrous  ankylosis  and  in- 
capacity to  raise  the  arm  above  the  level  of  the  shoulder. 
The  disease  is  often  very  persistent,  and  may  last  for  several 

^^^reatment.—TaQ  limb  should  be  immobihsed  in  the  position 
of  abduction  with  the  forearm  and  hand  directed  forwards; 
the  most  efficient  apparatus  is  a  plaster  spica  embracing  the 
thorax  and  the  upper  limb  down  as  far  as  the  wrist.  If  the 
articular  surfaces  are  affected  and  the  disease  is  likely  to  lead 
to  ankylosis,  the  arm  should  be  abducted  to  a  right  angle. 
Severe  pain  may  be  relieved  by  blistering  or  by  the  application 
of  the  cautery.  To  inject  iodoform,  the  needle  is  introduced 
either  immediately  outside  the  coracoid  process,  or  just  below 
the  junction  of  the  acromion  process  and  spine  of  the  scapula. 
When  the  disease  does  not  yield  to  conservative _  measures, 
or  the  X-rays  show  a  gross  lesion  in  the  bone,  excision  of  the 
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joint  should  be  performed ;  a  close  fibrous  ankylosis  usually 
results,  and  the  arm  is  quite  a  useful  one. 

Pyogenic  Diseases. — The  shoulder-joint  may  be  infected  by 
extension  of  suppurative  osteomyelitis  from  the  upjser  end  of 
the  humerus,  or  from  suj)puration  in  the  axilla,  or  through  the 
blood-stream  by  ordinary  pus  organisms,  pneumococci,  typhoid 
bacilli,  or  gonococci.  Extension  should  be  applied  to  the  upper 
arm  abducted  at  a  right  angle.  "When  it  is  necessary  to  drain 
the  joint,  the  incision  should  be  placed  anteriorly  in  the  line 


Fig.  278.— Arthropathy  of  Shoulder  in  Syringomyelia.  The 
upper  end  of  the  humerus  has  disappeared  and  the  move- 
ments are  flail-like  (of.  Fig.  279). 

of  the  bicipital  groove,  and  a  counter-opening  made  on  the 
posterior  aspect  by  cutting  on  the  point  of  a  dressing  forceps 
introduced  through  the  anterior  incision. 

Arthritis  Deformans.— The  shoulder  is  seldom  affected  alone 
except  when  the  arthritis  is  a  sequel  to  injury.  The  commoii 
type  of  lesion  IS  a  dry  arthritis  with  fibrillation  and  eburnation 
of  the  articular  surfaces.  The  long  tendon  of  the  biceps  is 
usually  destroyed,  and  the  head  of  the  bone  is  drawn  upwards 
and,  after  wearing  through  the  capsule,  rubs  on  the  under  sur- 


736       DISEASES  OF  INDIVIDUAL  JOINTS 

face  of  the  acromion.    The  clinical  features  are  pain,  stiffness, 
and  crackling  on  movement.  . 
Neuro-arthropatliies  of  the  shoulder  are  met  with  chietly  in 


Fig.  279.-Radiogram  of  Arthropathy  of  Shoulder     Symgomj-elia^  The 
head  of  the  humerus  has  disappeared  aiid  masses  of  ne^^  boue 
formed  in  the  surrounding  muscles  (ct.  i<ig.  ^ie>). 

(Radiogram  by  Dr.  Hope  Fowler.) 

svrin-omvelia.    The  clinical  features  may  be  a  large  fluctuat- 
gg  and  painless  swelling,  or  marked  and  rapid  wasting  o  h 
deltoid  and  scapular  muscles  with  flail-like  ^novement.  o  h 
joint,  associated  with  disappearance  of  the  upper  end  of  the 

'"ASSfifni  so  disabling  at  the  shoulder  as  at  other 
joints  Is  the  mobility  of  the  scapula  on  the  chest  wall  largeh 
compensates  for  the  fixation  of  the  joint. 
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The  Elbow-Joint 

In  dise'ase  of  the  elbow,  the  usual  attitude  is  that  of  flexion 
with  pronation  of  the  hand.    Swelling  of  the  joint,  whether 
from  efi'usion  of  fluid  or  from  thickening  of  the  synovial 
membrane,    is  observed 
chiefly  on  the  posterior 
aspect,  above  and  on  either 
side  of  the  olecranon,  be- 
cause the  synovial  sac  is 
here  nearest  the  surface. 
The  free  communication 
between  the  elbow  and 
the  superior  radio-ulnar 
joint  should  be  borne  in 
mind. 

Tuberculous  disease  is 

the  most  common  and  im- 
portant affection  of  the 
elbow  (Fig.  280).  It 
usually  occurs  in  patients 
under  twenty,  but  may 
be  met  with  at  any  age, 
and  even  in  old  people. 
When  the  disease  is  con- 
fined to  the  synovial 
membrane,  its  onset  is 
insidious,  there  is  little 
or  no  pain,  and  no  inter- 
ference with  any  move- 
ment except  complete  ex- 
tension. The  chief  evi- 
dence of  disease  is  a  white 
swelling  on  either  side  of 
and  above  the  olecranon, 
obscuring  the  bony  land- 
marks. The  further  pro- 
gress is  attended  with  wasting  of  the  triceps,  symptoms  of 
involvement  of  the  articular  surfaces,  and  with  absces^s  formation 
ine  occurrence  of  articular  caries  without  swelling  of  the 
synovial  membrane  is  exceptional,  and  is  associated  with  a  good 
deal  of  pain  and  considerable  restriction  of  movement.  Ricrfditv 
irom  muscular  contraction  occurs  late,  and  is  rarely  complete 
Tuberculous  foci  in  the  bones  are  met  with  chiefly  in  the  ippe 


Fig.  280.— Difl'use  Tuberculous  Thickening 
of  Synovial  Membrane  of  Elbow  (white 
swelling)  in  a  boy  fet.  12. 
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end  of  the  ulna  and  the  lower  end  of  the  humerus ;  they  may 
be  recognised  by  swelling,  and  pain  on  making  pressure  over 
the  bone  The  grosser  osseous  lesions  cause  enlargement  of 
the  bone,  and  are  readily  demonstrated  by  skiagraphy.  Abscess 
formation  most  commonly  occurs  beneath  the  triceps,  and  the 
abscess  points  at  one  or  other  edge  of  that  muscle.    A  sub- 


of  eacli,  of  a  flap  from  the  abdommal  wall. 

cutaneous  abscess  may  form  over  the  upper  end  of  t^?^  "Ina  or 
over  the  radio-humer^^^  joint.    Tuberculous  hydrops  with  melon- 

"^^Sonservative  measures  are  persevered  with^ 
Inner  a;  there  is  a  prospect  of  securing  a  movable  jomt. 
tL' limb  s  plac  d  in  ^Thomas'  or  a  poroplastic  sphnt  reaching 
from  the  axUla  to  the  wrist,  flexed  to  rather  less  than  a  right 
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angle  and  with  the  hand  semi-pronated.  To  inject  iodoform, 
the  needle  of  the  syringe  is  most  easily  introduced  between 
the  external  condyle  and  the  head  of  the  radius.  A  localised 
focus  of  disease  in  one  or  other  of  the  bones  may  be  eradicated 
without  opening  into  the  synovial  cavity. 

If  the  articular  surfaces  are  so  involved  that  recovery  is  likely 
to  be  attended  with  ankylosis,  the  disease  should  be  removed 
by  arthrectomy  or  excision,  and  cure  of  the  disease  with  a  useful 
and  movable  limb  may  then  be  reasonably  anticipated  within 
two  or  three  months.  When  the  patient's  occupation  is  such 
that  a  strong,  stiff  joint  is  preferable  to  a  weaker  movable 
one,  bony  ankylosis  at  rather  less  than  a  right  angle  should  be 
aimed  at. 

Arthritis  deformans  occurs  as  a  hydrops  with  hyper- 
trophy of  the  synovial  fringes  and  loose  bodies,  or  as  a  dry 
arthritis  with  eburnation  and  lipping  of  the  articular  maro-ins. 

Neuro-arthropathies  are  met  with  chiefly  in  syringomyelia 
and  are  attended  with  striking  alterations  in  the  shape  of  the 
bones  and  with  abnormal  mobility. 

Pyogenic  diseases  result  from  staphylococcal  osteomyelitis— 
chiefly  of  the  humerus  or  ulna— and  from  gonorrhoea 

The  remaining  diseases  at  the  elbow  include  syphilitic  disease 
in  young  children,  bleeder's  joint,  hysterical  affections,  and 
loose  bodies,  and  do  not  call  for  special  description 

Ankylosis  of  the  elbow-joint,  if  interfering  with  the  livelihood 
of  the  patient,  may  be  got  rid  of  by  resecting  the  articular  ends 
of  the  bones,  or  by  inserting  between  them  a  flap  of  fascia  and 
subcutaneous  fat  derived  from  the  posterior  aspect  of  the  upner 
arm — arthroplasty. 

The  Wrist-Joint 

The  close  proximity  of  the  flexor  sheaths  to  the  carpal 
articulations  enables  infective  processes  to  spread  readily  frim 
one  to  the  other.  The  arrangement  of  the  synovial  membmS 
also  favours  the  extension  of  disease  throughout  the  numero  s 
articulations  in  the  region  of  the  wrist  "umeious 

Tuberculous  disease  is  met  with  chiefly  in  youncr  adults  but 
may  occur  at  any  age.    It  usually  originates  in  !he  synovia 
membrane,  but  foci  are  frequently  present  in  the  ca  paf  Ws 
and  less  commonly  in  the  lower  ends  of  the  radiu^and  X  ' 
or  in  the  bases  of  the  metacarpals.    The  clinicil  fenh  Ir  ' 
almost  i.p.iably  those  of  white^swelling  ll^^^^^ 
on  the  dorsum,  where  it  obscures  the  bony  prominences  and 
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the  outlines  of  the  extensor  tendons.  Wasting  of  the  thenar 
and  hypothenar  eminences,  and  filling  up  of  the  hollows  above 
and  below  the  anterior  annular  ligament,  render  the  appearance 
on  the  palmar  aspect  very  characteristic. 

The  attitude  is  one  of  slight  flexion  with  drooping  of  the 
hand  and  fingers.  The  fingers  become  stiff  as  a  result  of  ad- 
Ens  in  the  tendon  sheaths,  and  the  power  of  opposing  the 
^h^^b  and  fingers  may  be  lost.  Pain  is  --^Uy  a^^sent  un^^^ 
the  articular  surfaces  become  carious.  Softening  ot  the 
haamen  s  may  result  in  lateral  mobility  and  sometimes  m 
pS  dislocation.  Abscess  may  be  followed  by  the  forma- 
tion of  sinuses,  and  infection  of  the  tendon  sheaths,  especially 

''"T^l"ktVwlsation  of  disease  in  individual  bones  or  joints 
^ay  be  determined  by  the  position  of  pain  elicited  on  pressure 

wrist,  and  "^^^'^^^^^'j^jl^  the  fingers  and  thumb  are  left  free 
foTlL  f  passWe  —  It  ™ay  be  necessaryto  give  an 
anitl  etL  to  obtain  the  necessary  degree  of  dorsiflexion^  To 
anEesuieLic  inserted  immediately  below  the 

xnjec       f  7;;j;^^Xd  process.    Sometimes  the  carpal  bones 

cal  s  fov  re         of  th«  <l--^^^^ 

roiTo7"r4Si„s  si.  .nd  usuaU,  yields  a  — 

7-         nf  ihP  wrist  are  comparatively  rare.  They 

The  Hip-Joint 
owing  to  the  depth  of  this  joint  taj  *e 
sihle  ^^^^'^:i^'^:^,^Zi:L  relgoition  of  hip 

r,sr4r  0 1£        of  the  ioi..  i„ 
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examining  a  case  of  suspected  hip  disease,  it  is  necessary  to 
compare  the  length  of  the  two  limbs,  to  ascertain  the  position 
of  the  great  trochanter  in  relation  to  Nekton's  line,  to  recognise 
the  attitude  of  the  limbs  in  relation  to  the  pelvis,  and  to  note 
whether  or  not  the  pelvis  is  tilted. 

It  should  be  borne  in  mind  that  the  whole  of  the  anterior 
and  fully  one-half  of  the  posterior  aspect  of  the  neck  of  the 
femur  is  covered  by  synovial  membrane,  so  that  lesions  not 
only  of  the  epiphysis  and  epiphysial  junction,  but  also  of  the 
neck  of  the  bone,  are  capable  of  extending  directly  to  the 
synovial  membrane  and  to  the  cavity  of  the  joint.  Infective 
material  may  escape  from  the  joint  into  the  surrounding  tissues 
through  any  weak  point  in  the  capsule,  particularly  through 
the  bursa  which  intervenes  between  the  capsule  and  the  ilio- 
psoas, and  which  in  one  out  of  every  ten  subjects  communicates 
with  the  joint. 

Tuberculous  Disease 

Tuberculous  disease  of  the  hip,  morbus  coxte,  or  "  hip-joint 
disease,"  is  especially  common  in  the  poorer  classes.  It  is  a 
frequent  cause  of  prolonged  invalidism  and  of  permanent 
deformity,  and  is  attended  with  a  considerable  mortality.  It 
IS  essentially  a  disease  of  early  life,  rarely  commencing  after 
puberty,  and  almost  never  after  maturity. 

Pathological  Anatomy.— Bone  lesions  bulk  more  lar^^ely  in 
hip  disease  than  they  do  in  disease  of  other  joints— five  cases 
originating  in  bone  to  one  in  synovial  membrane.  The  upper 
end  of  the  femur  and  the  acetabulum  are  affected  with  about 
equal  frequency. 

In  addition  to  primary  tuberculous  lesions,  secondarv  changes 
result  from  the  inflamed  and  softened  bones  pressing  against 
one  another  subsequent  to  the  destruction  of  their  articular 
cartilages.  The  head  of  the  femur  undergoes  absorption  from 
above  downwards,  becoming  flattened  and  truncated,  or  dis- 
appearmg  altogether.  In  the  acetabulum  the  absorption  takes 
place  in  an  upward  and  backward  direction,  whereby  the  socket 
becomes  enlarged  and  elongated  towards  the  dorsum  ilii  To 
this  progressive  enlargement  of  the  socket  Volkmann  gave  the 
suggestive  name  of  "wandering  acetabulum  "  (Fie  282)  Tbp 
displacement  of  the  femur  resulting  from  these  secondirv 
changes  is  one  of  the  causes  of  real  shortening  oi  tirZh  Z 
advanced  cases  of  hip  disease. 

Clinical  Features.-It  is  customary  to  describe  three  stages 
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in  the  progress  of  hip  disease,  but  it  is  to  be  borne  in  mind 
that  these  merge  into  one  another.  _        c    j  -^-v, 

InUial  Staqe.—Kt  this  stage  the  disease  is  confined  either 
to  the  synovial  membrane,  or  to  a  focus  in  the  bone  which  has 
not  yet  opened  freely  into  the  cavity  of  the  joint.  The  onset 
is  usually  insidious,  and  if  injury  is  alleged  as  an  excitmg 
cause,  some  weeks  have  usually  elapsed  between  the  receipt 
of  the  injury  and  the  onset  of  symptoms.  In  the  case  of  a 
^    ^  child,  he  is  usually  brought 

for  advice  because  he  has 
begun  to  limp  and  to  suffer 
pain.     There  is  a  history 
that  he  has  become  pale, 
that  he  has  ceased  to  take 
food  well,  that  his  sleep  has 
been  disturbed,  and  that 
the   pain    and    the  limp, 
after  coming  and  going  for 
a  time,  have  become  more 
continuous  and  pronounced. 
On  walking,   the  affected 
limb  is  dragged  in  such  a 
way  as  to  avoid  movement 
at  the  hip,  and  to  substitute 
for  it   movement   at  the 
lumbo-sacral  junction.  The 
child  throws  the  weight  of 
the  trunk  as  little  as  pos- 
sible  on   to   the  affected 
limb,  and  inclines  to  rest 
on  the  balls  of  the  toes 
rather  than  on  the  heel. 
There  is  usually  some  wast- 
ing of  the  muscles  of  the 
thigh  and  flattening  of  the 
buttock.     Diminution  or 
loss  of  the  gluteal  fold  indicates   a  degree   of  ^^^^^^^ 

the  pam  is  confined  to  the  icnce,  anu 

at  one  time  it  may  be  quite  natural,  and  at  another     ,  i 


Fig  282.— Advanced  Tuberculous  Disease 
of  Acetabulum  with  caries  and  perlora- 
tion  into  pelvis. 

(Anatomical  Museum,  University  of 
Edinburgh.) 
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flexed  and  abducted.  Tenderness  of  the  joint  may  be  elicited 
by  pressing  either  in  front  or  behind  the  head  of  the  bone, 
but  is  of  little  diagnostic  importance.  Pain  elicited  on  driving 
the  head  against  the  acetabulum  may  occasionally  assist  in  the 
recognition  of  hip  disease,  but  the  diagnostic  value  of  this  sign 
has  been  over-rated. 

Most  information  is  gained  by  testing  the  functions  of  the 
joint,  and  if  this  is  done  gently  and  without  jerking,  there  is 
no  complaint  of  pain.  The  child  should  lie  on  his  back,  either 
on  his  nurse's  knee  or  on  a  table ;  and  to  reassure  him  the 
movements  should  be  first  practised  on  the  sound  limb.  On 
slowly  flexing  the  thigh  of  the  affected  limb,  it  will  be  found 
that  the  range  of  flexion  at  the  hip  is  soon  exhausted,  and 
that  any  further  movement  in  this  direction  takes  place  at  the 
lumbo-sacral  junction.  The  child  is  next  made  to  lie  on  his 
face  with  the  knees  flexed  in  order  to  test  the  movements  of 
rotation.  The  thigh  is  rotated  outwards  and  inwards,  and 
on  comparing  the  two  sides  it  will  be  found  that  rotation  is 
restricted  or  abolished  on  the  side  affected,  any  apparent  rota- 
tion taking  place  at  the  lumbo-sacral  junction.  These  tests 
reveal  the  presence  of  rigidity  resulting  from  the  involuntary 
contraction  of  muscles,  which  is  the  most  reliable  sign  of 
hip  disease  during  the  initial  stage.  This  procedure  has  the 
advantage  of  being  universally  applicable,  even  in  the  case  of 
very  young  children. 

_  Second  Stage. — This  probably  corresponds  with  commencing 
disease  of  the  articular  surfaces,  and  progressive  involvement 
of  all  the  structures  of  the  joint.  The  patient  presents  more 
evident  symptoms,  and  usually  exhibits  the  attitude  of  abduc- 
tion, eversion,  and  flexion  (Fig.  283)  which,  although  character- 
istic of  the  second  stage  of  the  disease,  is  not  constant;  one 
or  other  of  the  abnormal  attitudes  may  predominate  or  may  be 
entirely  wanting. 

At  first  the  attitude  is  maintained  entirely  by  the  action  of 
muscles;  but  when  it  is  prolonged,  the  muscles,  fascia,  and 
ligaments  undergo  shortening,  so  that  it  becomes  fixed. 

On  looking  at  the  patient,  the  abnormal  attitude  may  not  be 
at  once  evident,  as  he  usually  restores  the  parallelism  of  the 
limbs  by  lowering  the  pelvis  on  the  affected  side  and  adductina 
the  sound  hmb.  This  obliquity  or  tilting  of  the  pelvis  causes 
apparent  lengtlienijig  of  the  diseased  limb.  It  is  best  demon- 
strated by  drawing  one  straight  line  between  the  anterior  iliac 
spines  and  another  to  meet  it  from  the  ensiform  cartilage 
through  the  umbilicus.    If  the  pelvis  is  in  its  normal  position, 
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the  two  lines  intersect  at  right  angles ;  if  it  is  tilted,  the  angles 
at  the  point  of  intersection  are  unequal.  The  flexion  may  be 
largely  compensated  for  by  increasing  the  forward  curve  of  the 
lumbar  spine  (lordosis),  and  by  flexing  the  leg  at  the  knee. 
There  may  also  be  an  attempt  to  compensate  for  the  eversion 
of  the  limb  by  rotating  the  pelvis  forwards  on  the  affected  side. 
To  demonstrate  the  lordosis,  the  patient  should  be  laid  on  a 


Fig  283.— Early  Tuberculous  Disease  of  Eight  Hip-joiut  in  a,  boy  Kt.  14, 
sliowiug  flexion,  abductiou,  aud  apparent  lengthening  of  the  limb. 

flat  table;  in  the  resting  position,  the  lordosis  is  moderate, 
when  the  hip  is  flexed  it  disappears,  when  it  is  extended  the 
lordosis  is  exaggerated,  and  the  hand  or  closed  fist  may  be 
inserted  between  the  spine  and  the  table  (l<igs.  ^64  ^bD;. 

When  ihe  functions  of  the.  joint  are  tested,  it  will  be  louna 
that  there  is  "rigidity,  and  that  both  active  and  passive  move- 
ments take  place  at  the  lumbo-sacral  junction  instead  of  at  tlie 
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hip.  While  rigidity  is  usually  absolute  as  regards  rotation,  it 
may  sometimes  be  possible  with  care  and  gentleness  to  obtain 
a  little  increase  of  flexion.  For  diagnostic  purposes  most  stress 
should  therefore  be  laid  on  the  absence  of  rotation  —  for 
example,  a  jjatient  who  exhibits  abduction  and  flexion,  and 
yet  admits  of  movements  of  rotation  being  carried  out,  probably 
is  not  suffering  from  disease  of  the  hip-joint  but  from  some 
affection  in  its  neighbourhood. 

The  "  Thomas'  flexion  test "  is  founded  upon  the  inability  to 
extend  the  diseased  hip  without  producing  lordosis. 

If  the  sound  limb  is  flexed  at  the  hip  and  knee  until  the 
lumbar  spine  is  .  in  contact  with  the  table,  the  real  flexion  of 
the   diseased   hip  becomes   manifest,  and  may  be  roughly 


Fig.  284.-Disease  of  Left  Hip-disappearance  of  lordosis  on  flexion  oi 

the  hip. 

SbrcFttset"""'     '""''^  '''' ''''''' 

f 'telling  is  best  detected  on  the  anterior  aspect  of  the 
JO  nt;  when  pi-esent,  it  may  fill  up  the  fold  of  the  groin  and 
push  forward  the  femoral  vessels.    It  is  doughy  and  e  astk 
Ike   he  white  swelling  of  other  joints,  but  ml/at  any  time 

ana  neck  of  the  bone  may  be  estimated  by  measuring  the 

T:ZZTZe''7t'' ""''r'^'  -d'omparing^iU 
cne  sound  side.  The  absence  of  swelling  does  not  how 
ever,  exclude  the  existence  of  hip  disease.  °  8we  liii  °  on  the" 

discovered  ^on^^e 'a! 
Tkird   Stage.~This  probably  corresponds  with  advanced 
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caries  of  the  articular  surfaces,  since  pain  is  now  a  prominent 
feature,   and   there   are  usually   startmgs  at  night.  ihe 


Fig  285  -Disease  of  Left  Hip-exaggeration  of  lordosis  produced  by 
extending  the  joint. 

attitude  is  one  of  addufon  invej:^o^ 

or  real  shortening  of  the  limh  (Eig.  287).    ihe  Jie.cion 


Fig.  286.-Thomas'  Flexion  Test  showing  angle  of  flexion  at 
diseased  (leit)  mp. 

usually  so  pronounced  that  it  ca.  no  ^ger  be  con^^d  by 
lordosis,  so  that  when  the  patient  /f^^J^' ^^^^^  b°th  at 
spine  is  arched  forwards,  the  lunb  is  still  llexea 
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the  hip  and  at  the  knee ;  with  the  spine  flat  on  the  table,  the 
flexion  of  the  thigh  may  amount  to  as  much  as  a  right  angle. 
The  adduction  varies  greatly  in  degree;  when  it  is  slight,  as 
is  most  often  the  case,  the  toes  of  the  ati'ected  limb  rest  on  the 
dorsum  of  the  sound  foot,  as  in 
a  traumatic  dislocation  on  to  the 
dorsum  ilii.      When  moderate, 
it  is  compensated  for  by  raising 
the  pelvis  on  the  affected  side, 
with  apjMrent  shortening  of  the 
limb,  this  being  the  result  of  an 
effort  on  the  part  of  the  patient 
to  restore  the  normal  parallelism 
of  the  limbs,  the  sound  limb 
being   abducted    to    the  same 
extent  as  the  affected  limb  is 
adducted.    It  is  of  great^,  im- 
portance to  recognise  the  cause 
of  this  shortening,  as  it  can  be 
corrected  by  treatment.    As  a 
result  of  the  obliquity  of  the 
pelvis,  the  patient,  when  erect, 
exhibits  a  lateral  curvature  of 
the  spine  Avith  the  dorso-lum- 
bar   convexity   to    the  sound 
side. 

When  adduction  is  very  pro- 
nounced, the  patient  is  unable 
to  restore  the  normal  parallelism 
of  the  limbs,  and  the  knee  on 
the  affected  side  may  cross  the 
sound  limb  (Fig.  287).  There 
is  a  deep  groove  at  the  junction 
of  the  perineum  and  thigh,  great 
prominence  of  the  trochanter, 
and  the  pelvis  may  be  tilted  to 
such  an  extent  that  the  iliac 
crest  comes  into  contact  with  the 
lower  ribs. 

As  a  result  of  the  pressure  of 

against  one  another,  the  acetabulum  isTnlaTged^rnd^thruppe? 

w  f      fi'"  gradually  upwards  and  backwards 

of  n  H'"'^"'"""''  ''''^^  tl^^"  ''^''^^^  the  existence 

ot  a  variable  amount  of  actual  shortening  ■  it  will  also  be  found 


Fig.  287. — Advanced  Tuberculous 
DLsease  of  Left  Hip-joiut  in  a  girl 
!ct.  14,  showiug  fiexion,  adduction, 
shorteuing,  and  iliac  abscess. 


the  carious  articular  surfaces 
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that  the  trochanter  is  displaced,  above  Nekton's  line,  while 
above  and  behind  the  trochanter  there  is  a  prominent  hard 
swelling  corresponding  to  the  margin  of  the  enlarged  ace- 
tabulum. .     ,     1   f  i. 

There  may,  therefore,  be  a  combination  of  real  and  ot  apparent 
shortening  together  amounting  to  several  inches  (Fig.  287). 

In  cases  of  long  standing,  the  shortening  is  still  further 
added  to  by  deficient  growth  in  length  of  all  the  bones  of  the 
limb  and  by  flexion-contracture  of  the  knee. 

The  most  reasonable  explanation  of  the  attitudes  assumed 
in  hip  disease  is  that  given  by  Konig.    If  the  patient  walks 
without  crutches,  as  he  is  usually  able  to  do  at  an  early  stage 
of  the  disease,  the  attitude  of  abduction,  eversion,  and  shght 
flexion  enables  him  to  save  the  limb  to  the  utmost  extent ;  on 
the  other  hand,  if  he  uses  a  crutch,  as  he  is  obliged  to  do  at 
a  more  advanced  stage,  he  no  longer  uses  the  limb  for  support, 
but  draws  it  upwards  and  inwards  into  the  position  of  adduc- 
tion, inversion,  and  greater  flexion.    Similarly,  if  he  is  confined 
to  bed,  he  lies  on  the  sound  side,  and  the  affected  limb  sink-s 
by  gravity  so  as  to  lie  over  the  normal  one  m  the  position  of 
adduction,  inversion,  and  flexion.    Konig's  ^^P^^^.^f  ^^^f^^':^^^^ 
with  the  fact  that  in  the  exceptional  cases  which  begin  with 
adduction  and  inversion  we  have  usually  to  deal  with  a  severe 
type  of  the  disease,  associated  with  grave  osseous  lesions- 
precisely  those  cases  in  which  the  patient  ^^"J^ 
ihe  outset  to  lie  up  or  to  adopt  the  use  of  crutches.  Furthe 
the  transition  from  the  abducted  to  the  adducted  POSition  is 
usually  associated  with  such  an  aggravation  of 
Siat  the  patient  is  no  longer  able  to  walk  without  the  assistance 

""^m-dng'the  third  stage  the  other  signs  and  symi)toms  be- 
come more  pronounced  Tthe  patient  looks  and  thin,  he  is 
usually  unable  to  leave  his  bed,  Ms  sleep  is  distiirbed  by 
tartin'gs  of  the  limb,  and  the  rigidity  of  ^1-  .P-t  and  th^^ 
wastini  of  the  muscles  are  very  marked  The  tern peiature 
T^v  rfse  sli-htly  after  examination  of  the  hmb,  or  after  a 
"ilwaHou  ney/or  f ro  formation.    Marked  elevation 

of  the'temperlkire,  apart  from  -PtiV^^l^^'ll^dlt  Z  b 
indicates  the  development  of  tubercle  elsewhere,  and  it  may  be 

of  general  tuberculosis.  Disease -The  formation  of 

Abscess  Formation  m  Hip  Disease,  inc 
abscess  is  not  related  to  any  particular  f  f  ^/X^;,^ 
may  occur  before  there  is  any  deformity,  or  it  ma   be  deler 
until  the  disease  has  apparently  undergone  cure.     Its  im 
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portance  lies  in  the  fact  that  if  a  mixed  infection  with 
pyogenic  organisms  occurs,  the  gravity  of  the  condition  is 
greatly  increased,  the  patient  being  exposed  to  all  the  risks  of 
septic  poisoning. 

An  abscess  may  appear  iji  the  thigh  in  front  of  or  behind  the 
joint. 

The  anterior  abscess  usually  comes  to  the  surface  on  one  or 
other  side  of  the  psoas  muscle.  From  the  resistance  offered  by 
the  fascia  lata,  the  pus  may  gravitate  down  the  thigh  before 
perforating  the  fascia  and  pointing.  It  has  occasionally 
happened  that  when  such  an  abscess  has  been  opened  and 
become  septic,  the  femoral  vessels  have  been  eroded,  and 
serious  or  even  fatal  hemorrhage  has  resulted.  The  posterior 
abscess  develops  in  the  gluteal  region,  and  may  make  its  way  to 
the  surface  through  the  gluteus  maximus;  more  often  it  points 
at  the  lower  border  of  this  muscle  in  the  region  of  the  crreat 
trochanter,  or  it  may  gravitate  down  the  thigh.  ° 

Abscesses  which  form  icithin  the  pelvis  °ongma,t&  either  in 
connection  with  the  acetabulum  or  in  relation  to  the  psoas 
muscle  where  it  passes  in  front  of  the  joint.  Those  that  are 
directly  connected  with  disease  of  the  acetabulum  may  remain 
localised  to  the  lateral  wall  of  the  pelvis,  or  may  spread  back- 
wards towards  the  hollow  of  the  sacrum.  They  may  open 
into  the  bladder  or  rectum,  or  may  ascend  into  the  iliac  fossa 
and  point  above  Poupart's  ligament,  or  descend  towards  the 
ischio-rectal  fossa.  The  abscess  which  develops  in  relation  to 
the  psoas  muscle  may  be  shaped  like  an  hour-glass,  one  sac 
occupying  the  iliac  fossa,  the  other  filling  up  Scarpa's  triangle 
the  two  sacs  communicating  with  each  other  through  a  narrow 
neck  beneath  Poupart's  ligament. 

So  long  as  the  skin  is  intact,  the  abscess  is  unattended  with 
any  symptoms,  and  may  escape  notice.  If  it  bursts  externally, 
Sep  ic  infection  is  almost  inevitable;  and  if  the  opening  is 
insufficient  for  drainage,  there  occur  repeated  attacks  of  in- 
flammation attended  with  fever,  burrowing  of  pus,  and  the 

the  condition  of  hectic  fever  or  chronic  septic  poisonin- •  he 

Z'Jr'^t^'''"  ^^'-^y'  the  subject  o  waxy 

disease  in  the  viscera,  or  may  die  of  exhaustion,  tuberculous 
meningitis,  or  general  tuberculosis.  The  presence  of  sent  c 
sinuses  is  not  incompatible  with  recovery,  but  they  are  .  sou^e 
of  danger  to  which  the  patient  should  not  be  exposed  if  he 
conies  under  treatment  with  unbroken  skin  ^ 

Dislocation  is  a  rare  complication  of  hip  disease,  and  is  most 
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likely  to  occur  during  the  stage  of  adduction  with  inversion. 
It  has  been  known  to  take  place  during  sleep  from  spasmodic 
contraction  of  muscles.  In  the  dorsal  dislocation,  which  is  the 
most  common  form,  adduction  and  inversion  are  pronounced, 
the  trochanter  projects  above  and  behind  Nelaton's  line,  and 
the  head  of  the  bone  may  be  felt  on  .the  dorsum  ilu.  It  is  a 
strikincT  fact  that  after  dislocation  has  occurred  there  is  less 
complaint  of  pain  or  of  startings  than  before,  and  passive  move- 
ments may  be  carried  out  which  were  previously  impossible. 

Diagnosis  of  Hip  Disease.— The  diagnosis  is  to  be  made  not 
only  from  other  affections  of  the  joint,  but  also  froni  morbid 
conditions  in  the  vicinity  of  the  hip,  as  in  any  of  these  the 
patient  may  seek  advice  on  account  of  pain  and  a  limp  m 
walkincT.    The  patient  should  be  stripped,  and  if  able  to  walk, 
his  gait  should  be  observed.    He  is  then  examined  lying  on  his 
back  and  attention  is  dii-ected  to  the  comparative  length  of  the 
limbs,  to  the  attitude  of  the  limbs  and  pelvis,  and  to  the  move- 
ments at  the  hip-joint,  especially  those  of  rotation,  ^'hen 
there  is  any  doubt  as  to  the  diagnosis,  the  examination  should 
be  repeated  at  intervals  of  a  week  or  ten  days     In  children, 
there  are  three  non-febrile  conditions  attended  with  a  limp 
and  with  shortening  of  the  limb,  which  may  be  mistaken  for 
hip  disease,— coraf/e?^^to^  dislocation,  coxa  vara,  and  mSantile 
Jm^2/s^s,-but  in  all  of  these  the  normal  movenients  are  less  re- 
ftricted  than  in  disease  of  the  joint,  and  the  history  is  different 
In  tuberculous  disease  of  the  sacro-iUac  joint,  the 
pelvis  may  be  tilted,  and  the  limb  apparently  lengthened,  the 
Cements  at  the  hip  are  retained.   /'^  tuberculous  disease  o 
the  great  trochanter,  or  of  either  of  the  hursce  over  i  ,  the 
resemblance  to  hip  disease  is  very  close,  there  may  be  abduc- 
tion eversion,  impairment  of  mobility,  and  swellmg  m  the 
re° -on  oUhe  trochanter  followed  by  abscess  formation,  but  the 
movements  are  less  restricted  than  in  disease  of  ^1^^  J^"^^  _ 

In  psoas  abscess  associated  with  spinal  disease,  m  to 
of  the  bursa  underneath  the  psoas,  the  hmh  is  Aexed  and 
everted,  there  may  be  lordosis  and  the  P^^ient  may  wal^^^^^^ 
a  limp  The  movements  at  the  hip  are  restric  ed  only  m  the 
direXns  of  extension  and  inversion,  while  m  hip  disease  they 
orp  restricted  in  all  directions. 

in  the  vicinity  of  the  ^ip-especially  commenc- 
inr^  sarcoma  of  the  upper  end  of  the  femur-may  be  Aer> 
diLX  0  differentiate  from  hip  disease.    In  sarcoma  there 
no  rigidity  at  the  joint,  and  skiagrams  usually  give  definite 
information. 
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Among  other  conditions  which  may  simulate  hip  disease, 
especially  in  children,  are  appendicitis,  inflammation  of  the 
glands  in  the  groin,  staphylococcal  disease  of  the  upper  end  of 
the  femur,  and  sciatica. 

The  diagnosis  from  other  diseases  of  the  hip-joint  is  seldom 
difficult. 

Prognosis.— The  prognosis  in  hip  disease  is  more  serious 
than  in  tuberculosis  of  other  joints,  excepting  only  those  of 
the  spine,  and  it  is  most  unfavourable  when  there  are  gross 
lesions  of  the  bones  and  infected  sinuses,  especially  in  adults 
who  are  the  subjects  of  tuberculosis  elsewhere,  although  even 
these  may  eventually  recover. 

Whatever  the  stage  of  the  disease,  recovery  is  a  slow  process, 
and  even  in  early  and  mild  cases  it  seldom  takes  place  in  less 
than  one  or  two  years,  and  is  liable  to  be  attended  with  some 
impairment  of  function.  During  the  process  of  cure,  complica- 
tions are  always  liable  to  occur,  and  after  apparent  recovery 
relapses  are  not  uncommon.  When  arrested  during  the  initial 
stage,  there  may  only  be  a  limitation  in  the  range  of  move- 
ment ;  but  when  the  disease  has  advanced  to  the  stac^e  in 
which  there  is  destruction  of  the  articular  surfaces,  theloint 
is  liable  to  become  ankylosed  and  the  limb  shortened  The 
average  shortening  amounts  to  from  one  and  a  half  to  two 
inches.  The  formation  of  abscess,  especially  within  the  pelvis 
IS  a  serious  complication.  ' 

In  cases  which  terminate  fatally,  death  usually  results  from 
meningeal,  pulmonary,  or  general  tuberculosis,  or  from  septic 
complications  and  waxy  degeneration. 

Treatment.— A  large  proportion  of  cases  recover  under  con- 
servative treatment,  and  the  functional  results  are  so  much 
better  than  those  following  operative  interference,  that  unless 
there  are  special  indications  to  the  contrary,  conservative 
measures  should  always  be  adopted 

Conservative  Treatment.~T\xB  first  essential  is  to  take  the 
weight  off  the  limb  and  secure  its  fixation  in  the  attitude  of 
almost  complete  extension  and  moderate  abduction.  When 
the  symptoms  of  hip  disease  are  well  marked,  the  child  is  kept 
in  bed  in  the  dorsal  position,  not  even  being  allowed  to  ^it  ud 
and  the  limb  is  extended  with  a  weight  and  pulley  ^' 

Extension  hy  toeight  and  pidley.-Th<,  weight  employed  varies 
from  one  to  four  pounds  in  children,  to  ten  or  Lre  pounds 
in  adolescents  and  adults,  and  must  be  adjusted  to  meet  the 
equirements  of  each  case.    If  pain  returns' after  hav  ng  be  ^ 
relieved,  it  is  due  to  stretching  of  the  ligaments,  and  Ihe 
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weight  should  be  diminished  or  removed  for  a  time.  If  there 
is  deformity,  the  line  of  traction  should  be  in  the  axis  of  the 
displaced  limb  nntil  the  deformity  is  got  rid  of.  If  there  is  a 
crreater  degree  of  abduction  than  is  ultimately  desired,  exten- 
sion is  applied  to  both  limbs,  and  if  there  is  adduction  it  may 
be  necessary  to  apply  counter-extension  by  means  of  a  perineal 
band     The  extension  should  be  continued  until  pam,  tender- 


FIG.  288.-Double  Lo.g  Splint  to  admit  of  abduction  of  diseased  limb. 
(Photograph  by  Mr.  Lewis  Beesly.) 

nes,,  and  muscular  contraction  have  disappeared,  and  the  limh 

abduction  (Fig.  288).  ,  ranidly  to 

When  the  deformed  attitude  does  not  yieia  rapiu  y 
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extension,  it  should  be  corrected  under  an  anesthetic,  and  if 
the  adductor  tendons  and  fasciaB  are  so  contracted  that  this  is 
diilicult,  they  should  be  forcibly  stretched  or  divided 

Ambulani  Treatmenf.-MThen  the  patient  is  able  to  use 
crutches  the  affected  limb  is  prevented  from  touchinjr  the 
ground  by  hxmg  a  patten  on  the  sole  of  the  boot  on  the  sound 


Fig.  289.-Tho.nas' Hip..sp]int  applied  for  disease  of  Eight  Hip. 

.      -Note  patten  under  sound  foot.  ^ 
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to  the  tuber  ischii  and  crest  of  the  ilium  on  either  side.  It 
may  be  strengthened  by  broad  strips  of  aluminium,  and  should 
be  renewed  at  intervals  of  from  six  weeks  to  three  months. 

In  children  who  are  unable  to  use  crutches,  a  double  Thomas' 
splint,  a  Phelp's  box,  or  Bonnet's  wire  cuirass,  is  employed ;  by 
using 'one  of  -these  the  child  is  converted  into  a  rigid_  object, 
capable  of  being  carried  from  one  room  to  another  and  into  the 
open  air.  Personally  we  have  obtained  most  satisfaction  from 
the  double  Thomas'  splint  intended  for  spinal  disease,  which 
extends  from  the  occiput  to  the  soles  of  the  feet.  ( 

The  fixation  of  the  hip-joint  and  the  taking  of  the  weight  off 
the  limb  by  one  or  other  of  the  above  methods,  should,  as  a 
general  rule,  be  continued  for  at  least  a  year. 

Should  an  abscess  develop,  it  is  treated  on   the  usual 

lines.  ,  .  .  ,  ,j 

Operative  Interference.— Widely  diverse  opinions  are  held  on 
the  question  as  to  whether  or  not  recourse  should  be  had  to  - 
operative  interference  in  tuberculous  disease  of  the  hip. 

Some  surgeons,  notably  Howard  Marsh,  Robert  Jones,  and 
Anthony  Bowlby,  are  strongly  opposed  to  operative  interference, 
on  the  grounds  that  however  advanced  the  disease  may  be  it 
will  yield  to  conservative  measures  if  judiciously  and  persever- 
in^ly  carried  out.    Others,  notably  Kocher,  Carre,  and  btdes, 
advocate  operative  treatment  in  all  cases  which  do  not  speedily 
show  improvement  under  conservative  treatment.    An  inter- 
mediate attitude  may  be  adopted  which  recommends  operation 
in  cases  in  which  the  disease  progresses  m  spite  of  conservative 
treatment,  and  in  which  periodic  examination  with  the  X-rays 
shows  that  there  are  progressive  lesions  m  the  upper  end  of  tlie 
femur  or  in  the  acetabulum.  ^  ■   .  ■  4.^ 

Mature  of  the  Operative  Interference.— object  is  to 
expose  the  disease  wherever  situated,  and  to  remove  it  with 
the  least  possible  damage  to  the  normal  structures;  the  more 
open  the  method  of  operation,  the  better.    These  indication, 
are  best  fulfilled  by  the  operation  devised  by  Kocher,  which 
by  permitting  of  dislocation  of  the  head  of  the  femur  affords 
free  access  to  all  parts  of  the  joint.    If  it  is  found  that  the 
disease  in  the  head  is  limited  to  the  surface,  it  may  be  got  rid 
of  with  the  spoon  or  gouge,  thus  preserving  the  head,  which  is 
returned  to  the  acetabulum.    If,  on  the  other  hand  the  head 
and  neck  of  the  bone  are  more  extensively  diseased,  the  neck  is 
divided  with  a  wire  saw  or  a  chisel,  and  the  diseased  portion 
removed.    The  disease  in  the  acetabulum  and  soft  parts  having 
been  got  rid  of  with  the  spoon  and  scissors,  the  raw  surface  ot 
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the  neck  or  upper  end  of  the  trochanter  is  implanted  in  the 
socket. 

After  operation,  the  hmb  is  fixed  in  an  attitude  of  marked 
abduction,  so  that  when  the  patient  resumes  the  erect  posture 
he  will  be  obliged  to  depress  the  pelvis  on  the  affected  side 
i^  Ziri  ^^\Pf  of  the  limbs,  and  will -so  compensate, 

m  part  at  east  for  the  shortening  caused  by  the  operation. 

Amputahon  for  tuberculous  disease  of  the  hip  has  become 
one  of  the  rarest  of  operations,  but  is  still  required  in  cases 
which  have  contmued  to  progress  after  excision,  and  when 
there  is  disease  o  the  pelvis  or  of  the  shaft  of  the  femur  with 
septic  sinuses,  albuminuria,  and  hectic  fever.    In  such'  cases 

ZSZTTJ:  P"^""'  disarticulate  at  X 

hip-joinfc,  but  also  to  remove  a  portion  of,  or  even  the  entire 
innommate  bone.  Such  extensive  operations  are  usually 
carried  out  by  some  form  of  racket  incision,  which  perm™  of 
the  ligation  of  the  main  vessels  as  a  preliminary  measire 

Bi2leo7l^eZ>  v^^^^^^  Antecedent 
iJisease  of  the  Hip.— From  neglect  or  from  improper  treatment 

XiTt  X:\irt^  ^T'^'^  bee'n  allowed  to 

persist    will  e  the  joint  disease  has  recovered.     Thev  avP 
associated  either  with  ankylosis  of  the  joint,  or  w^h^on 
rac  iire  of  the  soft  parts,  or  Math  a  combination  of  these 
conditions.    The  contracture  of  the  soft  parts  involves  specia  Iv 
the  tendons,  fasciae,  and  ligaments  on  the  anterior  aiS 

tSten      th^"^'-'  "^^^^"^  l-senttTih"  'd  C 

that,  even  if  the  joint  were  rendered  mobile,  these  shortened 
structures  would  prevent  correction  of  the  deSi  v  TIip 
deformity  most  often  present  consists  in  a  comb  Nation  of 
shortening,  flexion,  and  adduction  <-omDmation  of 

If  flexion  is  the  prominent  feature,  it  may  be  corrected  hv 
performing  an  osteotomy  through    the  neck  of   tin  ^ 
(MaM's  operation),  or  through  the  trochanter      t  le  necTS 
the  bone  has  disappeared.     The   contnctprl   lr.n  ! 
divided    either  by'Libcutaneoi.  oi  by  c^SL  tli^^^ 
which  the  hmb  is  extended  and  abducted.    To  a  mt^ 
occupation  entails  the  sitting  posture  it  m.t  l.t  ^  1 
to  have  flexion  corrected.  "°  advantage 

If  adduction  and  inversion  are  the  urominptif  f„  ^ 
choice  lies  between  a  transverse  osteotonw  Ti.  . 
trochanter  (Ganfs  operation),  an  oblTquf o  LS^^  ^T''' 
downwards  and  inwards  through  the  Irnnf  f    T  T 
resection  of  the  joint,  accordingTo  the  S     ,1  w'"*"' 
case.    If  necessary,  the  adductor  rnusl^l  T^/.^ 
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contracted  soft  parts  are  divided  subcutaneously  or  by  open 
incision  The  limb  is  then  abducted  and  extended,  and 
maintained  in  this  position  by  extension  with  weight  and 
pulley,  and  by  the  double  long  splint  already  described. 

Bilateral  Hip  Disease.— Both  hip-joints  may  become  affected 
with  tuberculous  disease,  either  simultaneously  or  successively, 
and  abscesses  may  form  on  both  sides.    The  patient  is  neces- 
sarily confined  to  bed,  and  if  the  disease  is  recovered  from,  his 
capacity  for  walking  may  be  seriously  impaired  especially  if 
the  ioints  have  become  fixed  in  an  undesirable  attitude,  ibe 
most  striking  deformity  occurs  when  both  limbs  are  ^"odncteA 
so  that  they'cross  each  other -the /'scissor-leg'  or  cro^^^^^^^^ 
lec."  deformity,-in  which  the  patient,  if  able  to  walk  at  all 
does  so  by  forward  movements  from  the  knees.    An  attempt 
should  be  made  by  arthroplasty  to  secure  a  movable  joint  at  • 
least  on  one  side. 

Other  Diseases  of  the  Hip- Joint 

Pyogenic  Diseases  are  met  with  most  frequently  in  childhood 
and^outh,  as  a  result  of  infection  -i^h  coni^^on  pyogen^ 
or-anisms,  gonococci,  pneumococci,  or  typhoid  bacilh  \\  bile 
oiaanisms  usually  gain  access  to  the  tissues  of  the  joint 
t  roi?X  tr  b  ood-st^-eam,  a  direct  infection  is  occasionally 
observed  from  suppuration  in  the  femoral  lymphatic  glands  or 

sj£^o?o:ri^:— ^^^^^ 

f  scadet  fever.    It  may  even  be  entirely  overlooked  during 

Eb'S  Valuta!  ^^^^^^^^^^^^^ 

the  'snpin,r«ti™  element  P-^^^f  ^^I,,  J^folms  in  rLl 

of  dislocation.  A  child  ^^^^^^^f^^^^J^  and  run  about,  but 
En^ut'ttrsCa.^        Fe-ce  of  ^ross  aUe.at,on 
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in  the  upper  end  of  the  femur  as  seen  with  the  X-rays, 
should  suftice  to  differentiate  them. 

Treafment^ln  the  acute  stage  the  limb  is  extended  by 
means  of  the  weight  and  pulley,  and  kept  at  rest  with  the 
single  or  double  long  splint,  or  by  sand-bags.  If  there  is 
uppuration  the  joint  should  be  opened  \  an  anterior 
mcision  inclining  downwards  and  inwards  from  the  anterior 
superior  iliac  spine  between  the  tensor  fascia  femoris  and  the 
sa  orius;  a  posterior  opening  being  made  for  drainage.  In 
recover''  ^'^^-k-ble   how  completely  the  joint  may 

If  there  is  dislocation  of  the  femur,  it  should  be  reduced  by 
manipulation  with  or  without  preliminary  extension:  ft  has 
been  successful  in  about  one-half  of  the  cases  in  .Wi  h  t 

fendonrif '"P'^'i  .^-'^-"-^T  tenotomy  of  the  shortened 
tendons  is  required  in  some  cases.  When  reduction  bv 
nianipulation  is  impossible,  the  joint  strucJ^ires  sh  uld  t 
exposed  by  operation  and  the  head  of  the  bone  replaced  n 
the  acetabulum.     When  the  upper  end  of  the  femur  has 

ana  the  hmb  placed  in  the  abducted  position 

comrnl^l  -  ^^"^    ^"^^^^^  comparatively 

common  at   he  hip,  either   as  a  mon-articular   affection  or 
simultaneously  with  other  joints 

The  changes  in  the  joint  are  characteristic  of  the  dry  form 

?he  atror'and"'  ''"^^^        ^'^^^^^^^^  ^boiie^ 

i-ne  atrophy  and  wearing  away  of  the  articular  surfaces  ire 

r.t  o  1  ,  -^^6  neacl  ot  the  femur  may  acquire  the  shar.P 

1  .        ^'^'^  sessile  at  the  bas»  of  iIib 

eWat,„n  o,  the  a-tic,,,...  „.*oe.  sii,a;'to'°th'=^"see„7riH,e' 
These  changes  are  necessarily  associated  with  great  restriction 
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„,  and  .ia  string  ^'^^^^  ^^Ll 

usually  with  eversion  and 
displacement  of  the  tro- 
chanter upwards  and  hack- 
wards  in  relation  to  N^la- 

ton's  line. 

The  clinical  features ^  are 
usually  so  characteristic 
that  there  is  little  difficulty 
in  diagnosis.  Restriction 
of  the  movements  of  ah- 
duction  and  adduction, 
the  presence  of  cracking 


■Prr  290  —Upper  End  of  Femur  in  ad- 
;.npri    Arthritis    Deformans   of  Hip, 
iCig  abSion  of  neck  and  down- 
ward displacement  of  head  of  bone. 
(Museum  o£  Royal  College  of  Surgeons, 
^  Eduiburgh.) 


/ 


and  of  grating  of  the  articular  sur- 
faces, and  the  aggravation  of  the 
pain  and  stiffness  ^^^l^ 

imb,  are  characteristic  of  arthritis 
deformans.  The  prominence  of 
sciatic  pain  may  lead  to  the  disease 
beincT  regarded  as  sciatica. 

The  greatest    difficulty  is  met 

with  in  cases  in  which  the  disease 

recurs  as  mon-articular  affection  in 

adolescents,  for  the  ^-^^^^l^^^^^^" 

tuberculous  disease  of  the  hip  ami 

to  coxa  vara  may  be  ^ery  close 

Skiagrams  do  not  always  suffice  to 

differentiate  between  them.  fI,MomicM  Museum,  Univer- 

The  local  treatment   is  for  the     (A", „t Edinburgh.) 
most  part  palliative,  and  consists  in 

attempting  to  maintain  ^^^f  "^J^f^i^^isl,  the  pressure  on  the 
movements  of  the  joint,  and  to  dm  m  j^^^  ^^^^^^^^^^ 
articular  surfaces  by  the  use  of  sticks 


FIG.  291.-Upper  /"'i,  of 
Femur  in  advanced  Arthritis 

Deformans  of  Hjp.  The 
shaft  is  curved,  and  the  head 

of  the  bone  is  at  a  lower 
level  than  the  great  tro- 
chanter. 
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indicated 
who  are 


dorsalis. 
may  be 


Shortening  of  the  limb  may  be  compensated  for  by  raising 
the  sole  of  the  boot.  Forcible  movements  of  the  joint  under 
an  anaesthetic  do  more  harm  than  good.  Excision  of  the  joint 
has  in  some  cases  yielded  satisfactory  results ;  it  is 
in  young  patients  who  are  otherwise  healthy,  and 
unable  to  walk  on  account  of  pain  and  deformity. 

Neuro  -  Arthro- 
pathies. —  Char- 
cot's disease  is  usu- 
ally met  with  in 
men  over  thirty 
who  suffer  from  tabes 
One  or  both  hip-joints 
affected.  Sometimes  the  first 
manifestation  is  a  hydrops  and 
a  fluctuating  swelling  in  the 
upper  part  of  Scarpa's  triangle. 
In  many  of  the  recorded  cases, 
however,  attention  has  first  been 
directed  to  the  disease  by  the 
deformity  and  limp  associated 
with  disappearance  of  the  head 
of  the  femur,  or  by  the  occur- 
rence of  pathological  dislocation. 
The  absence  of  pain  and  ten- 
derness is  characteristic.  When 
dislocation  has  occurred,  the  limb 
is  short,  and  the  upper  end  of 
the  femur  is  freely  movable  on 
the  dorsum  ilii.  "  When  both 
hips  are  dislocated  (Fig.  292), 
the  attitude  and  gait  are  similar 
to  those  observed  in  bilateral 
congenital  dislocation.  The  rota- 
tion arc  of  the  great  trochanter 
may  be  much  reduced  as  a  result  of  the  disappearance  of  the 
head  of  the  femur.  There  may  be  considerable  formation  of 
new  bone  giving  rise  to  large  tumour-like  masses  in  relation  to 
the  capsular  ligament  and  the  muscles  surrounding  the  joint 

ihe  trmfment  consists  in  protecting  and  supporting  the  joint 
When  the  affection  is  unilateral,  advantage  niay  be  derived 
from  a  Thomas  or  other  form  of  splint,  alon|  with  a  patten  and 
crutches;  m  bdateral  cases,  from  the  use  of  crutches  alone 
Hysterical  apxtions  of  the  hip  have  already  been  described 


Fig.  292.  -  Bilateral  Charcot's 
Disease  of  Hip,  with  Dislocation 
of  head  of  femur  on  to  dorsum 
ilii. 

(Dr.  H.  G.  Langwill's  case.) 
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The  Knee-Joint 
The  knee  is  more  often  the  seat  of  disease  that  any  other 

ioint  in  the  body.  ,     .  ,  . 

The  synovial  membrane  extends  beneath  the  quadriceps 
extensor  as  a  cul-de-sac,  which  either  communicates  with  the 
subcrural  bursa,  or  forms  with  it  one  continuous  cavity. 
When  the  joint  is  distended  with  fluid,  this  upper  pouch 
bulges  above  and  on  either  side  of  the  patella,  and  this  bone 
is  "floated"  olf  the  condyles  of  the  femur.  When  there 
is  only  a  small  amount  of  fluid,  it  is  most  easily  recognised 
while  the  patient  stands  with  his  feet  together  and  the  trunk 
bent  forwards  at  the  hip-joints,  and  the  q«adnceps  completely 
relaxed;  the  fluid  then  bulges  above  and  on  each  side  of 
the  patella,  and  its  presence  is  readily  detected,  especially  on 
comparison  with  the  joint  of  the  other  side.  _ 

On  account  of  the  great  extent  of  the  synovial  memb  ane 
a  larae  quantity  of  serous  effusion  may  accumu  ate  in  the  joint 
in  ^comparatively  short  time,  as  a  result  either  of  injury  or 
disease.     The  villous  processes  and  fringes  ^^^f 
exaggerated  growth,  and  give  rise  to  pedunculated  and  other 

'XlrTrinth'e  popliteal  space,  especially  that  between  the 
semimembranosus  and  the  inner  head  of  the  gastrocnemius 
as  well  as  the  subcrural  bursa,  frequently  ^^-^^^^^^f.^f^ 
the   svnovial   cavity   of   the   knee   and  may  share  in  its 


Is  the  epiphyses  at  the  knee  are  mainly  responsible  for  the 
growth  InTe^gar  of  the  lower  extremity,  and  a-  ate  m  u  t^g 
^ith  their  respective  shafts,  ^^tious  shortemng  of   he  mb 
may  result  if  their  functions  are  interfered  ^^^^th  hj  disease 
or  iniurv     The  epiphysial  cartilages  he  beyond  the  limits^  oi 
t°LTnovial  ctit'y,'  so'  that  -fective  lesions  ^^^^^^^^^^^ 
junctions  are  less  likely  to  spread  to   he  JO^^tJ^^^^/^X^ 
it  the  hip  or  shoulder,  where  the  epiphyses  he  pait^y  oi  w  oily 
within  the  ioint;  disease  in  the  lower  end  of  the  lemur  ib 
It  likeyto  implicate  the  knee-joint  than  disease  m  the 
upper  end  of  the  tibia. 

Tuberculous  Disease 
While  tuberculous  disease  of  the  knee  is  specially  common 
in  childhood  and  youth,  it  may  occur  at  ^y^;  f  jg;^2s 

is  not  uncommon  in  patients  over  hfty.    The  disease  ongm 
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in  the  synovial  membrane  and  in  the  bones  respectively  with 
about  equal  frequency. 

_  When  the  synovial  membrane  is  diseased,  it  tends  to  grow 
inwards  over  the  articular  surfaces  (Fig.  293).  In  the  femur 
this  usually  takes  place  from  the  lateral  margins  of  the  condyles 
at  the  level  of  the  lower  edge  of  the  patella,  often  shutting  off 
the  supra-patellar  pouch  and  fixing  the  knee-cap  to  the  femur. 
In  the  case  of  the  tibia  and  patella  the  synovial  membrane 
grows  in  from  the  margins,  diminishing  the  area  of  their 
articular  surfaces.  The  ingrowth  of  synovial  membrane  may 
fall  up  tlie  entn-e  cavity  of  the  joint,  or  may  divide  it  up  into 


Fig.  293.-Tubercu]ous  Synovial  Membrane  of  Knee,  spreading  over 
articular  surface  of  femur. 

compartments,  one  usually  being  above  the  patella,  and  two 
m  relation  to  the  condyles  of  the  femur.    When,  under  these 

ioTnt  r-  f  the  bone  erupts  into  the 

joint,  the  infection  may  be  confined  to  one  or  other  of  these 
compartments.  Ulceration  of  the  cartilage  and  car  es  of  the 
articular  surfaces  are  commonly  met  with. 

.nf  fL        ^""^  '/^^^      ^^"'^^^^  ^^ith  about  equal  frequency 
and   he  nature  and  seat  of  the  bone  lesions  are  subject  to  w'de 
variations.     Multiple  small  foci  may  be  found  bene-ith  the 
articular  cai-tilage  of  the  tibia,  or  aloJg  the  lateral  T^^^  ns  o 
the  femoral  condyles-especially  the  internal     Cason^ht  L 
are  comparatively  rare,  but^hey  LmetimeraTtain  ^ctSrau" 
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size— especially  in  the  head  of  the  tibia,  where  they  may 
assume  the  character  of  a  caseous  abscess.  Sclerosed  foci, 
which  may  form  sequestra,  are  comparatively  common  (Fig! 
294).  Diffuse  caseating  osteomyelitis  may  involve  an  entire 
epiphysis  and  extend  into  the  adjacent  shaft. 

Clinical  Types  of  Tuberculous  Disease  of  the  Knee.— (1) 
Hydrops  tuberculosis  is  that  type  in  which  the  outstanding 
feature  is  the  accumulation  of  fluid  in  the  joint.  It  usually 
arises  from  a  purely  synovial  lesion,  but  when  the  joint  suddenly 

becomes  distended  with  fluid,  it 
is  usually  the  result  of  the 
rupture  of  an  osseous  focus  into 
the  joint. 

It  is  met  with  chiefly  in  young 
adults.  As  a  rule,  the  fluid 
accumulates  gradually  and  imper- 
ceptibly, stretching  the  capsule, 
and  pushing  the  patella  forwards, 
so  that  it  floats.  There  is  little 
pain  or  interference  with  the 
functions  of  the  joint ;  the  patient 
is  usually  able  to  walk,  but  is 
easily  tired.  The  amount  of  fluid 
diminishes  under  rest,  and  in- 
creases after  use  of  the  limb.  Iji 

Fig.  294.-Lower  Eud  of  Femur  ^  ^^I'tain  number  of  cases  it  may 

from  an  advanced  case  of  Tuber-  be    possible    to    recognise  some 

culous  Arthritis  of  the  Knee,  thickening  of  the  synovial  mem-. 

Towards  the  posterior  aspect  of  i  ?i  j-  • 

the  internal  condyle  there  is  a  oi'^ne,  or  the  presence  of  friction 

wedge-shaped    sequestrum,   of  or  crepitation  from  the  mutual 

which  the  surface  exposed  to  the  contact  of  floating  masses  of  fibrin 
loiut  IS  polished  like  porcelaiu.  ,  .  ,     ^        mi  •   •  i  i 

or  melon-seed  bodies.   This  is  best 

(Anatomical  Museum,  University  of  •  ^  j   t  ii      i  •  ii. 

Edinburgh.)  appreciated  ii  the  knee  is  alter- 

nately flexed  and  extended  by 
the  patient  while  the  surgeon  grasps  and  compresses  it  with 
both  hands.  If  the  joint  is  opened,  fibrinous  material,  often  in 
the  form  of  melon-seed  bodies,  may  be  foimd  lining  the  synovial 
membrane  and  partly  covering  the  articular  surfaces.  Melon- 
seed  bodies  may  be  found  in  the  fluid  withdrawn  from  the  joint. 

Tuberculous  hydrops  is  to  be  diagnosed  from  the  eflusion 
which  results  from  repeated  sprain,  from  the  hydrops  of  loose 
body,  gonorrhoea,  arthritis  deformans,  Charcot's  disease,  and 
Brodie's  abscess  in  an  adjacent  bone,  and  from  the  haemarthrosis 
met  witli  ill  bleeders. 
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Tuberculous  hydrops  is  specially  amenable  to  treatment  by 
rest,  hyperemia,  and  injections  of  iodoform.  Eelapse,  how- 
ever, is  not  uncommon,  and  experience  shows  that  if  the 
disease  is  neglected,  there  may  be  a  gradual  transition  to  the 
graver  types  of  synovial  tuberculosis. 


Fio.  295.-Advanced  Tuberculous  Disease  of  Knee,  with  backward 
displacement  of  Tibia. 

(2)  Papinary  or  Nodular  Tubercle  of  Ihe  S^jnovial  Membrane 
— Ihis  is  a  condition  in  which  there  is  a  fringy,  napillarv  or 
polypoidal  growth  from  the  synovial  membrane^'  '  I    is  nos 

?o  tv  "Thr^  ?  ""'T  "^'''^  «f  twenty  and 

forty.    The  onset  and  progress  are  gradual,  and  the  chief  com- 
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plaint  is  of  stiffness  and  swelling  which  are  worse  after 
exertion.  Sometimes  there  are  symptoms  of  loose  body  such 
as  occasional  locking  of  the  joint,  with  pain  and  inabih  y  to 
extend  the  limb  ;  but  the  locking  is  easily  disengaged,  and  the 
movements  are  at  once  free  again.  The  patient  may  give  a 
historvof  several  years'  partial  and  intermittent  disability,  with 
lameness  and  occasional  locking,  although  he  may  have  been 
able  to  go  about  or  even  to  continue  his  occupation. 

There  is  a  moderate  degree  of  effusion  into  the  joint,  and 
when  this  has  subsided  under  rest  it  may  be  possible  to  feel 
ill-defined  cords,  or  tufts,  or  nodular  masses,  and  to  grasp 
between  the  fingers  those  in  the  supra-patellar  pouch  There 
is  little  wasting  of  muscles,  and  it  is  quite  exceptional  to 
have  any  signs  °of  disease  of  the  articular  surfaces  or  of  the 
formation  of  a  cold  abscess.  . 

On  opening  the  joint,  there  may  escape  iiuid  ami  loo  e 
bodies  similar  to  those  described  under  hydrops,  and  if  the 
fintr  is  introduced  into  the  cavity,  the  upper  pouch  is  f  elt 
to  be  occupied  by  fringes  or  polypoidal  processes  derived  from 

^'STitor^To  be  made  from  arthritis  deformans, 
and  in  some  cases  from  loose  body  of  other  than  tuberculous 

"''The  treatment  specially  applicable  to  this  type  is  to  open 
the  ioint  and  remove  the  diseased  synovial  membrane. 

(i)  CM  ahscess  or  empyenra  of  the  knee  - ^/---^J-^^ 
in  which  the  joint  becomes  filled  with  pus.  It  usually  results 
from  a  primary  tubercub  of  the  synovial  membrane  occurring 
"le  mur/educed  in  health,  and  the  subject  of  tuberculosis 
elsewheT  While  usually  insidious  in  its  developmen  and 
™ess^  a^  acute  form  attended  with  fever  is  met  with  in 
^Jiifclren     The  treatment  consists  in  withdrawing  the  pus, 

indolent  elastic  swelling  in  the  area  o        J°"^;^J^^%^^    "  ° 

S-^tmr.S^~^^ 
ttli  it  really  is.    The  range  of  -veme^^^^^^^^^^^ 

At  first  the  patient  limps,  \®eP;./^%^Xr  exertion.  As 
and  complains  of  tiredness  and  stifiness  ^^^ei  exeiUoi. 

time  goei  on,  the  articular  -  ^  jleadily 

severe  symptoms  ensue.     iheie   is  pain, 
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excited  by  jarring  of  the  limb  or  by  any  attempt  at  movement  • 
the  jomt  IS  held  rigid,  and  there  may  be  startings  at  night 
which  interfere  with  sleep.  If  untreated,  flexion  becomes 
more  pronounced— it  may  be  to  a  right  angle— the  leg  and 
foot  are  rotated  outwards,  and,  in  children,  the  tibia  may  be 
displaced  backwards  (Fig.  295).  The  wasting  of  muscles  con- 
tinues, the  part  becomes  hot  to  the  touch,  the  swelling  increases, 
and  may  show  areas  of  softening  or  fluctuation  from  abscess 
lormation. 

White  swelling  is  to  be  diff-erentiated  from  peri-synovial 
gummata,  from  myeloma  and  sarcoma  of  the  lower  end  of  the 
femur,  and  from  bleeder's  knee.    In  the  first  of  these  the 
swelling  IS  nodular  and  less  uniform,  and  there  may  be  tertiary 
ulcers  or  depressed  scars  in  the  neighbourhood  of  the  patella 
In  tumours  the  swelling  is  more  marked  on  one  side  of  the 
joint   It  IS  uneven  or  nodular,  it  does  not  correspond  to 
the  shape  of  the  synovial  membrane,  and  may  extend  beyond 
the  limits  of  the  joint,  and  it  involves  the  bone  to  a  greater 
extent  than  is  usual  in  disease  of  the  joint.    Skiagrams  show 
expansion  of  the  bone  in  central  tumours,  or  abundant  new 
bone  in  ossifying  sarcoma.    In  difficult  cases,  recourse  sbould 
be  had  to  exploratory  incision.    The  diagnosis  of  bleeder's  knee 
IS  to  be  made  chiefly  from  the  history. 

(p)  Primary  Tuberculous  Disease  in  the  Bones  of  the  Knee 
—bo  long  as  the  foci  are  confined  to  the  interior  of  the  bone' 
It  1^  impossible  to  recognise  their  existence,  unless  thev  are  of 
sufficient  size  to  cause  enlargement  of  the  bone  or"  to  be 
discernible  in  a  skiagram. 

0/  the  synovial  memhmie,  there  is  tenderness  on  pressure 

lestucted  in  its  movement,  and  in  some  cases  the  seat  of  a 
serous  efiusion  may  not  itself  become  infected  with  tubeitle 

tX?  ^-'Z  the  latter  is  perforated  or  de- 

tached and  the  joint  becomes  infected.  The  symptoms  varv 
with  the  nature  of  the  perforation  and  the  amount  of  infecth^e 
material  thrown  into  the  joint.     The  resulting  joL  cSeale 

ar  hr  tis,  with  pain,  rigidity,  and  tendency  towards  fibrous 
a^ikylosis,  or  ,t  may  develop  suddenly  and  progress  ran  dl 
towards  suppuration  and  disorganisation  of  the  io  n  Si 
culous  car,es  of  the  articular  surfaces  without  Se  sJ^iltg 
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is  to  be  differentiated  from  arthritis  deformans   and  from 

reaches  the  surface  of  the  bone  at  tkele^ei 
nf  L  reiledion  of  the  synovial  memhrane,  the  membrane 
fee  mes  Sened^t  the  s'iie  of  ir.fection  in  the  first  mstance^ 
but  S  time  goes  on  it  becomes  infected  throughout,  just  as  in 

disease  ofThe  knee  takes  place  -  -^^f  tteK 
PPnt   of  cases      Abscesses  may  originate  m  the  substance  oi 
rs;Bo:ro.embvane,  .ithin  tte  synovial  »^ 
of  ite  compartments,  in  the  surroundmg   ellu  a   t,ssue,^r  m 

£rrt.rmX:^rK  r:ssesSr:» 

Ifd  the  blckot  the  leg  between  the  '-^^^^l^^^^l 
layers  of  ealf  muscles,  and  m.merons  sinuses  may  result  from 

om:tiMb%f Knee-Joint  Bisease.-The  ^ 
mo"  a^umed  is  that  of 

attitude,  and  if  the  patient  is  able  to  increasm^  it. 

the  weight  of  'If  ,boay  -  •  S^tb  y  a^^^^^^^ 

r:r:ftrL:thef;h?pSierl::ris 

after  it  has  become  flexed.  ,l,rl,ipHnn  of  the  le"  is 

In  certain  cases,  genu  vahjim  or  ^Mvict  on  ot  tne 

sSi 

servative  »7.'f~\^h  ?  t  et  icular  irfa'ces  are 

obtainn,s  a  ^•l^,"'^;^  i„„,e   possible,  to  adults  it  is  a 

so  involved  that  tins  is  .'W  '  .  ,         to  persist  with 

waste  of  time  and  a  possible  "'^^"'  ^  may  reasonably 

conservative  J^J-it^ f  ^  liite  «^     Lid  although 

&Ts«lt*e  ^fbta  useful  one.    In  children,  it  is 
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seldom  necessary  to  have  recourse  to  operation,  because  they 
have  greater  recuperative  powers,  and  because  time  is  of 
secondary  importance;  moreover,  operations  on  the  bones  tend 
to  interfere  with  the  growth  of  the  Hmb 

Consermtive  Treatment. —The  limb  is  immobilised  in  the 
position  of  almost  complete  extension,  and  one  or  other  of 


Fig.  296.-Thor>,as'  Knee-spliut  applied.    Note  extension  strapping  applied 
to  affected  leg,  and  patten  nuder  sound  foot.        ^  ^PP^ied 

the  methods  of  inducing  hyper^emia  diligently  employed  If 
the  joint  IS  sensitive  and  tends  to  be  ffexed  tlS  mHp;f 
confined  to  bed,  the  limb  secured  to  a  posttior  s 
extension  with  weight  and  pulley  applied  trthe  L  '  I   th  e 
IS  no  pain  or  tendency  to  flexion,  or  when  these  hi vl  it 
ZTT""'  ^he  limb  is  put  up  in  a  Thomas'  spl  nt  C 
and  the  patient  allowed  to  go  about     The  sn  nf  °" 
a  period  varying  from  six  to^twelve  ^.J^^S^^^ 
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carded  altogether  it  maybe  left  off  at  night;- it  is  ultimately 

'"^ThTinWon  of  iodoform  is  more  easily  carried  out  than  in 
other  joints;  the  needle  is  introduced  either  into  the  upper 
pouch  or  into  the  interval  between  the  bones  on  the  mner  side 

of  the  ligamentum  patellae.  tv/To^v,..! 

The  indications  for  operative  treatment  are:  (1)  Marked 
svmDtoms  of  destruction  of  the  articular  carti  ages ;  (2)  a 
Emed  attitude  incapable  of  being  rectified  ^ithout  opera 
tfon  (3)  a  condition  of  the  general  health  which  requires  that 
the  disease  should  be  got  rid  of  by  the  most  rapid  method  , 
iKo'ress  or  persistence  of  the  disease  in  spite  of  conserva- 

tmoved  with  the  saw,  and  ths  soft  structures  wth  the 
'"AruS^eXmrf  irrespective  of  age  when  the  disease 

-  ac^-ss; 

Disease  f^^^^f  J\rdue  to  contracture  of  the  posterior 

Sr7f1he  capsule  a^^^^^^       structures  in  the  popliteal  space 

reLlhiiSdTrdivided  ^^^j^:^^:^^ 

from  above  downwards  across  the  ^P^^Jj         correction  is 

split  longitudinally  and  l-^^.f  ^^^^f",  "J°S  ^ut^  degrees, 
attempted  without  cutting,  it  must  be  caiiied  oiit  - 
When  there  is  fibrous  or  osseous  an^^^^^^^^^^^ 

iut  of  the  femur  above  the  ^PM^^ysial  junction,  x 

Other  Diskases  of  the  Knee-Joint 

P,o.enic  diseases  ^^^^^^^^^^ 
rr^To^V^— l^wlund  of  the  Joint.  The 
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moner  types  inchide  the  serous  synovitis  associated  Avith  disease 
n  the  adjacent  bone,  acute  arthritis  of  infants,  joint  suppura- 
tion m  pycemia,  septic  arthritis  following  upon  penetratinc. 
wounds,  and  the  affections  which  result  jolntTor 
pneumococcal  miection.  '■'^"nu.ui  oi 

Treatnrenf.-The  limb  is  immobilised  on  a  Watson's  posterior 
sphnt  so  padded  as  to  allow  slight  fiexiou  at  the  Imee  and 

byXr  To  T^r,^       Tl.""'  naethods  deVised 

by  E  ei.    To  tap  the  joint,  the  needle  is  introduced  obliouelv 
m  o  the  supra-patellar  pouch,  and  if  it  is  necessary  to  op  n  and 
Irani  the  joint,  the  incision  is  made  on  one  or  on  both  iL  of 
the  patella.    Even  then  the  infection  may  continue  trnrllL 
aiKl  threaten  the  life  of  the  patient,  and  unXr  tCe  co^Zon 
It  may  be  necessary  to  lay  the  joint  freely  open  fron'  side T 
side  by  dividing  the  patellar  ligament  and  can^ulp  • 
across  the  patella;  thi  limb  is^fiexe^  th    7ht  \ZTll 
open  and  packed  with  gauze.    It  is 'sometimes  necessarv  to 
make  additional  incisions  over  the  back  of  thp  .If  . 

cartilage  imparts  a  feeling  of  roughness  when  • 
grasped  during  flexion  and  exte^^ion    and    Liit  ZV' 
margins  of  the  trochlear  surface  nf  tL  /      ^  ^  ^ 
when  the  joint  is  flexed     wl.  .  '^^^  ^«  ^^^t 

is  broken  ma^  ;ive  H  ^  to'S"  "^^^P^^^" 

When  the  disease  is  of  n  «pvp,.„  /      removed  by  operation. 

A  ?•     y  ^  "nee,  unaicots  disease,  hvsterirnl  l-r,^^       j  , 
boches  m  the  joint  have  been  desc4ed  hi  Z  '  ^  "'I 
Diseases  of  Joints.  -^^iioea  in  the  chapter  on 


voi,.  I. — 49 
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The  Ankle-Joint 


There  is  a  common  synovial  cavity  for  the  ankle  and  the  in- 
ferior tibio-fibular  ioints.  The  epiphysial  cartilage  of  the 
tibia  lies  above  the  level  of  this  synovkl  cavity,  but  that  of 
the  fibula  is  included  within  its  limits  (Fig.  22o  The  astra- 
aalus  is  related  to  three  articulations— the  anlde  above  the 
astrac^alo-scaphoid  joint  in  front,  and  the  calcaneo-astragaloid 
ioint  below.  The  tendon  sheaths,  especially  those  of  the  peronei 
and  of  the  tibialis  posticus,  are  liable  to  be  infected  by  the 
spread  of  infective  disease  from  the  joint. 

Tuberculous  Disease.-Tuherculous  disease  at  the  ankle  is 
met  with  at  all  ages.  In  the  majority  of  cases  it  commences 
in  the  synovial  membrane.  Gross  lesions  in  the  bones  are 
comparatively  rare,  and  are  more  often  met  with  m  the 
astragalus  than  in  the  articular  ends  of  the  tibia  and  fibula. 

Mini  synovial  disease  usually  exhibits  the  features  of 
white  swellin-,  projecting  heneath  the  extensor  tendons  on  the 
li^:mrand,poste;iorly:filling  up  the  l-Hows  on  either  s^  e 
of  the  tendo  Achillis  and  below  the  malleoh  (Fig.  29  0-  .The 
foot  may  retain  its  normal  attitude,  or  the  toes  may  be  pointed 
and  adducted.    The  calf  muscles  are  wasted,  there  is  little 
complaint  of  pain,  and  the  movements  of  the  joint  may  be  so 
•tSe  interfered  with  that  the  patient  can  walk  without  limping 
When  the  disease  has  spread  to  the  articular  surfaces,  theie  is 
pain  and  sensitiveness,  the  normal  movements  are  restricted 
or  abolished,  and  the  patient  is  unable  to  put  the  foot  to  the 


^"primary  disease  in  the  hones  causes  enlargemeiit  of  one  or 
other  malleolus,  localised  pain  and  tenderness,  and  a  limp  in 
tiling,  but  the  first  sign  may  be  the  formation  of  abscess  or 
Te  rapid  development  of  articular  symptoms.  In  such  cases 
skiagrams  afford  valuable  information. 

Abscess  formation  is  an  early  and  prominent  feature  ot 
distasTof  the  ankle,  whether  of  osseous  or  ^y^^J^^^^ 
sinuses  are  liable  to  form  around  the  joint.  Outlv ing  absces.es 
Td  sfnuses  are  usually  the  result  of  infection  of  the  tendon 
sheaths  in  the  neighbourhood.  occurs  indc- 

met  tiS  in  jit  disease.    In  Brodie's  abscess  of  the  lower 
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end  of  the  tibia  there  may  be  swelling  of  the  ankle  but 
thei^  IS  an  area  of  special  tenderness  on  percussion  over  the 

Treatment -The  ioot  is  immobilised  at  a  right  angle  to  the 
leg  by  sphnts  or  p  aster  of  Paris;  if  articular  symptoms  a  e 
absent  or  have  subsided,  a  Thomas'  knee-spHnt  should  be 
applied  to  enable  the  patient  to  move  about  without  bea^ino 
his  weight  on  the  affected  foot  (Fig.  296).    To  inject  iodoS 


;1 


Fig.  297. -Tuberculous  Disease  of  Synovial  Membrane 

girl  Kt.  15. 


of  Left  Aulcle  in  a 


tlie  point  of  the  needle  is  inserted  below  either  malleolus  and 
IS  then  pushed  upwards  alongside  of  the  astratrilur  Tf  L  i 

Amputation  is  only  called  for  In  adults  with  rapidly  pro- 
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gressing  disease  and  diffuse  suppuration,  and  in  cases  which 
have  relapsed  after  excision.  . 

The  other  diseases  of  the  ankle  inMe  pyogemc,  rjonorrhcBal, 
rheumatic,  gouty,  and  hysterical  affections,  arthrit^s  deformans 
and  Charcot's  disease.  The  last-named  is  generally  associa  ed 
with  a  rapid  and  painless  disintegration  of  the  bones  o  he 
ankle  and  tarsus,  resulting  in  great  deformity  and  loss  of  the 
arch  of  the  foot— sometimes  associated  with  perforating  ulcer 

°^  Tuberculous  disease  in  the  tarsus,  metatarsus,  and  phalanges 
,  has  been  considered  in  the  chapter  on  Diseases  of  Bone. 


INDEX 


Abdomen,  bu]let  wouuds  of,  247 
Abdominal  aneurysm,  321 

aorta,  compression  of,  279 
embolus  of,  102 
Abscess,  55 

acute  circumscribed,  55 

of  bone,  639 

Brodic's,  639 

chronic,  154 

cold,  150,  154 
of  joints,  705 

extra-articular.  704 

formation  of,  56 

Hilton's  method  of  opening,  58 

in  hip  disease,  748 

pointing  of,  56 

psoas,  750 

pyaemic,  62,  290,  294 
residual,  156 
of  skin,  multiple,  386 
stitch,  60 
tonsillar,  324 
treatment  of,  58 
tuberculous,  154,  155 
peri-articular,  701,  704 
in  skin,  386 
Acetabulum,  fracture  of,  553 
tuberculous  disease  of,  741 
wandering,  741 
Acetic  plaster  of  Paris,  448,  449 
Achillo-bursitis,  431 
Achillo-dynia,  421 
Acromion  bursa,  429 
process,^  fracture  of,  498 
separation  of  epiphysis  of,  498 
Actinomyces,  137 
Actinomycosis,  137 
Active  hypertemia,  43,  47,  49 
Acupuncture  in  aneurysm,  316 
Acute  arthritis  of  infants,  630 
necrosis  of  bone,  629 
osteomyelitis  and  periosititis,  628 
Aaam  s  operation  on  neck  of  femur 
/55  ' 
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Adductor  longus  muscle,  rupture 

of,  408  ^ 
Adenoma,  197,  215 
malignant,  223 
sebaceous,  396 
of  skin,  396 
varieties  of,  215 
Adiposus  dolorosa,  201 
Adrenalin,  289 
Adventitious  bursa;,  425 
Aerobes,  11 
Air  embolism,  273 
hunger,  284 
infection  from,  39 
Albumosuria,  666,  677 
Alcohol  injections  into  nerves  380 
Aleppo  boil;  140 
Alexins,  15,  44 
Algidity,  29 
Alveolar  sarcoma,  213 
Ambulant  splint,  607,  615 
treatment  of  hip  disease,  753 
of  ulcers,  90 
Amputation  for  acute  osteomvelitis 
633  ' 
in  aneurysm,  317 
for  cellulitis,  63 
in  compound  dislocation,  470 
in  compound  fracture,  451 
for  gangrene,    102,    106,  107, 
111 

Gritti-Stokes',  107 

for  hKinorrliage,  283 

in  hip  disease,  755 

for  injuries  of  blood-vessels,  270 

in  lacerated  wounds,  239 

A.  G.  Miller's,  107 

for  neuroma,  362 

neuromata  after,  352 

in  i\ya3mia,  74 

for  tuberculous  disease  of  joints 
711  ' 
for  tumours  of  bone,  685,  688 
Anaerobes,  11 
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Anaesthesia,  353 
Analgesia,  353 
Anatomical  tubercle,  145 
Anatomy.    See  Surgical  Anatomy  _ 
Anel's  operation  for  aneurysm,  315 
Aneurysm,  308.  See  also  Individual 
Arteries 

abdominal,  321 

acupuncture  in,  316 

amputation  in,  317 

by  anastomosis,  306 

Anel's  operation  for,  315 

Antyllus'  operation  for,  314 

aortic,  321 

arterio-venons,  308,  319 
axillary,  325 
of  bone,  682 
brachial,  326 

Bvasdor's  operation  for,  315 

carotid,  322 

cirsoid,  307 

of  coeliac  axis,  321 

compression  for,  316 

consolidated,  311,  312 

differential  diagnosis  of,  311 

diflused,  310,  313 

digital  compression  in,  316 

dissecting,  310 

electrolysis  in,  317 

excision  of,  314 

false,  310 

femoral,  327 

flexion  in,  316 

of  forearm  and  hand,  326 

fusiform,  309 

gelatin  injections  in,  317 

gluteal,  326  ,  r-  oi « 

Hunter's  operation  for,  315,  6i<} 

iliac,  326 

of  individual  arteries,  320 

inguinal,  326 

innominate,  322 

intracranial,  324 

of  leg  and  foot,  328  _ 

ligation  of  artery  for,  315,  iJlb 

Macewen's  acupuncture  for,  316 

Matas'  operation  for,  315  ^ 

Moorc-Corradi  method,  31/ 

natural  cure  of,  312 

old  operation  for,  314 

of  ophthalmic  artery,  324 

orbital,  324 

pathological,  308 

popliteal,  327 

pulse  in,  311 


Aneurysm,  recurrent  pulsation  in, 
315 

Reid's  method,  316 

rupture  of,  313 

sacculated,  309 

sciatic,  326 

subclavian,  324 

suppuration  in,  313 

thoracic,  320 

traumatic,  317 

treatment  of,  313 

true,  310 

varicose,  319,  320 

Wardrop's  operation  for,  31o 

X-rays  in  diagnosis  of,  320 
Aneurysmal  varix,  319,  320,  323, 

327,  328 
Aneurysmo-arteriorraphy,  328 

Angioma,  197,  301 

arterial,  307 

capillary,  302 

cavernous,  306 

racemosum  venosum,  29o 

venous,  301,  302 
Angio-neurotic  oedema,  3y4 

sarcoma,  213 

sclerosis,  gangrene  from,  iUb 
Angio tribe,  Doyen^s,  280 
Angler's  elbow,  407 
Ankle,  cellulitis  of,  67 
diseases  of,  770 
dislocations  of,  619 
fractures  in  region  of,  61- 
injuries  in  region  of,  611 
sprain  of,  614 
surgical  anatomy  of,  bli, 

tailor's,  431  ^„ 
tuberculous  diseases  ot,  / 
Ankylosis  of  joints,  688.    See  also 
Individual  Joints 
varieties  of,  688 
Annandale  on  fracture  of  coronoid 
process,  517 
on  intubation,  122 
on  old  operation  for  aneurysm, 
315 

on  suture  of  nerves,  35b 
Ante-cubital  lymphatic 
331 

Anthraca;mia,  133 
Anthrax,  131 

varieties  of,  131 
Anti -bacterial  sera,  1-''. 
-diphtheritic  scrum,  1^1 
-microbic  sera,  15 


glands, 
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Antiseptics,  10 

clicruica],  Si 

interual,  50 

selection  of,  34 
Autiseptol,  35 

Anti-streptococcic  serum,  59,  69, 
119 

An ti  tetanic  serum,  128 
Antitoxic  bodies,  14 

sera,  16,  49,  121,  128 
Antitoxins,  15 
Antivenin,  142 

Antylliis'  operation  for  aneurysm, 
314 

Aorta,  abdominal,  compression  of, 
279 

embolus  of,  102 

gunshot  wound  of,  243,  247 

ligation  of,  322 

pulsating,  312 
Aortic  aneurysm,  320 
Arborescent  lipoma,  422,  717,  728 
Aristol,  36 

Arrest  of  hcemorrhage,  279 

Arsenic  cancer,  397 

Arterial  angioma,  307 

Arteries,  anatomy  of,  268 
catheterisation  of,  107 
compression  of  individual,  279 
contusion  of,  269 
digital  compression  of,  279 
gangrene  following  ligation  of, 
103 

injuries  of,  269,  443 

ligation  of,  for  aneurysm,  315 

pimctured  wounds  of,  271 

rupture  of,  269 

temporary  ligation  of,  279 

wounds  of,  270 
Arteriorraphy,  272,  315 
Arterio  -  venous    aneurysm,  308, 
319 

Arteritis,  varieties  of,  291,  308 
Artery  forceps,  280 
Arthralgia,  711 

Aithreotomy,  710.    Sec  also  Indi- 
vidual Joints 
Arthritis,  686,  695,  696.    Sec  also 
Individual  Joints 
acute,  692,  695 

of  infants,  630,  695,  696 
deformans,  715,  739 
gonococcal,  696 
mechanical,  715 
neuropathic,  726 


Arthritis  ossificans,  688 

pneumococcal,  695 

purulent,  631 

IJyogenic,  694 

rheumatic,  714 

rheumatoid,  715 

septic,  464 

scarlatinal,  694 

sicca,  717,  720 

trade,  715 

traumatic,  715,  716 

tuberculous,  706 

urica,  713 
Arthrolysis,  690 
Arthropathies,  354 

gliomatous,  724 
Arthroplasty,  690,  739 
Articular  caries,  687,  692 
Artilicial  hypertemia,  47 
Ascites,  chylous,  333 
Asejjsis,  10 
Aseptic  fever,  28,  235 

suppuration,  60 

technique,  37 
Ashby  on  scurvy  rickets,  663 
Askanazy  on  dermoids,  224 
Asphyxia,  local,  109 

traumatic,  266 
Astragalo-scaphoid  joint,  612 
Astragalus,  fracture  of,  617 

dislocation  of,  621,  622 
Atheroma,  103,  291 
Athetosis,  781 
Atrophy  of  muscle,  412 
Avulsion  of  nerves,  380 

of  tendons,  412 
Axilla,  cellulitis  of,  67 

hygroma  of,  337 
Axillary  aneurysm,  325 
artery,  embolus  of,  103 
lymphatic    glands,    329,  331, 
345 

Bacilli,  11 

aerobic,  11 

anaerobic,  11 
Bacillus  anthracis,  131 

coli  communis,  21 

diphtheria',  120 

drum-stick,  123 

of  Ducrey,  168 

of  glanders,  134 

Klcbs-Liilller,  120 

of  malignant  cedcma,  111 

mallei,  134 
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Bacillus  pyocyaneus,  22,  55 

of  soft  sore,  168 

of  tetanus,  123 

tubercle,  143 

typhosus,  22 
Back,  golfer's,  407 

labourer's,  407 
Bacteria,  death  of,  14 

fevers  due  to,  69 

general  characters  of,  10 

multiplication  of,  10,  13 

parasitic,  12 

pathogenic  properties  of,  12 
pyogenic,  18 
saprophytic,  12 
vinrlence  of,  12 
Bacterial  growth,  results  of,  13 
intoxication,  14 
life,  conditions  of,  11 
Bacteriological  diagnosis,  17 
Bacteriology,  surgical,  10 
Bacterium,  10 
Baker's  cysts,  727 
Balanitis,  venereal,  168,  169 
Balfour,  George  W.,  on  treatment 

of  aneurysm,  314 
Bandage,  Bier's,  47,  153,  239,  451, 
460,  464,  633 
for  closed  fist,  545 
many-tailed,  553 
Martin's  rubber,  91 
sling  and  body,  478,  480,  482 
Bardeen  on  burns,  251 
Barker's  flushing  spoon,  157 
Barlow  on  scurvy-rickets,  663 
Bazin's  disease,  82 
Beach  on  traumatic  asphyxia,  266 
Beatson,  G.  T.,  on  traumatic  as- 
phyxia, 267 
Beck  on  sinuses,  159 
Bed-sores,  78,  113 
acute,  113 
chronic,  114 
post-operation,  115 
pressure,  77,  78 
prevention  of,  114 
Bell,  John,  on  abscess,  58 

nerve  of,  368 
Bence-Jonos  on  albumosuria,  666, 
677 

on  myeloma,  209 
Benign  tumours,  198 
Bennett,   E.   H.,   of  Dublin,  on 

fractures   and  dislocations, 

496,  512,  533,  539 


Bennett's  fracture,  546 
Biceps,  bursa  under,  429 

dislocation  of  long  tendon  of,  410 
rupture  of,  408 
Bier's  bandage,  47 

artificial  hyperajmia  in  pyogenic 

infections,  47 
in  delayed  union  of  fracture,  460 
in  joints,  464 
in  tuberculosis,  153 
Bigelow,   A -shaped  ligament  of, 

556,  573 
Billroth  on  rider's  bone,  417 

on  sciatica,  379 
Biniodide  of  mercury,  35 
Birth  palsies,  368 
Biskra  button,  140 
Bismuth  iuiections  in  sinuses,  159 
Bites  of  animals,  239 
Black  eye,  234 

Blank  cartridge,  wounds  by,  244 
Blanket  stitch,  237 
Bleeder's  joint,  721 
Bleeders,  286 

bruises  in,  233,  235 
Blind  boil,  384 
Blisters,  382 
in  braises,  233 
fly,  52 
purulent,  64 
Bloch  on  history  of  syphilis,  160 
Blocking  of  nerves  for  shock,  262 
Blood  clot,  healing  by,  4 
laminated.  290,  310 
varieties  of,  289,  310 
cysts,  229 
letting,  general,  52 
poisoning,  14 
transfusion  of,  285 
vessels,  268.    See  also  Arteries 
*    and  Veins 
Blood-vessels,  bullet  wounds  of,  245 
diseases  of,  289 
ligation  of,  279,  315,  316 
repair  of,  274 
torsion  of,  280 

tumours  of,  301  ^ 
Bloodless  method  of  operating,  2/8 
Blue-stone,  90 
Boil,  133,  134,  334 

Aleppo,  140 

Delhi,  140 
Roiling,  sterilisation  by.  34 
15one."  Sec  Individual  Bones 

abscess  of,  639 
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Bone,  aneurysm  of,  682 
angioma  oY,  676,  682 
ati'ojihy  of,  434 
bacterial  diseases  of,  628 
Brodie's  abscess  of,  639 
bullet  wounds  of,  245 
cancer  of,  secondary,  665 
caries  of,  627 
cavities  in,  637 

changes  in  acute  osteomyelitis, 
629,  634 

in  ulcers,  85 
chondroma  of,  674 
circumscribed  abscess  of,  639 
contusions  of,  433 
cysts  of,  685 
diseases  of,  624,  627 

due  to  stajjhylococcus  aureus, 
628 
drill,  417 

endothelioma  of,  678 
exostoses  of,  671 
fibroma  of,  675 

fragility  of,  670 

grafting,  626 

gumma  of,  651 

hydatid  disease  of,  657 

hyj^erostosis,  635 

hypertrophic   pulmonary  osteo- 
arthropathy, 670  ■ 

hypertrophy  of,  625 

injuries  of,  433 

leontiasis  ossea,  673 

lesions  in  inhei'ited  syphilis,  656 

lipoma  of,  676 

lipping  of,  716 

malacia  of,  658,  663 

marrow,  function  of,  625 

myeloma  of,  676 

myxoma  of,  676 

necrosis  of,  641 

neuropathic  atrophy  of,  669 

nutrition  of,  658 
osteoma  of,  671 

osteomalacia  of,  664 
osteomyelitis  of,  628,  637,  641 

Hbrosa,  667 
osteojiorosis  of,  627 
osteopsatliyrosis,  670 
ostitis  deformans,  666 
Paget's  disease  of,  666 
periosteum,  function  of,  625 
periostitis,  627 
pulsating  hrematoma  of,  682 
pyogenic  diseases  of,  628 


Bone,  i-egeneration  of,  626 
repair  of,  456 
rickety  affections  of,  658 
rider's,  417 
sarcoma  of,  678 
scurvy  affecting,  663 
secondary  tumours  of,  683 
surgical  anatomy  of,  624 
staphylococcal  diseases  of.  628 
syphilitic  diseases  of,  175,  190, 

651,  656 
transplantation  of,  626 
tropliic  diseases  of,  658 
tuberculous  diseases  of,  644. 

646,  647,  649 
tumours  of,  671 
malignant,  678 
metastatic,  683 
Riintgen  ravs  in,  682 
thyroid,  683 
typhoid,  infection  of,  642 
wounds  of,  433 
bullet,  245 
Bonnet's  cuirass,  754 
Bony  ankylosis.  688 
Boracic  lint,  40 

lotion,  35 
Bossing  of  skull,  191 
Bowlby,  Anthony,  on  hip  disease, 
754 

Box  siplint,  607,  608 
Brachial  aneurysm,  326 
artery,  embolus  of,  102,  103 
compression  of,  279 
occlusion  of,  103 
birth -paralysis,  368 
fibrositis,  414 
Brachial  neuralgia,  377 

plexus,  lesions  of,  364, 
Brain,  bullet  wounds  of, 
injuries,  temperature  in,  29 
joint  affections  in  lesions  of,  725 
syphilitic  lesions  of,  ]  75 
Bramwell,  Byrom,  on  ostitis  de- 
formans, 667 
Brancliial  dermoids,  225 
Brasdor's  operation  for  aneurysm 
315  ' 
Brodie,  Sir  Benjamin,  on  hysterical 


496 
243, 


246 


joint  affections, 
Brodie's  abscess,  639 
Bruises,  233 
Bryant's  triangle,  557 
Bubo,  338 

bullet,  167,  345 
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Bubo,  of  soft  sores,  169 
Bullet  bubo,  167,  345 

probes,  241 
Bullets,  dispersion  of,  242 
embedded,  241 
localisation  of,  241 
removal  of,  242 
Shrapuel,  248 
small-bore,  effects  of,  243 
varieties  of,  242 
Buried  sutures,  236 
Burns,  250 

classiiication  of,  251 
electrical,  250,  255,  257 
gangrene  from,  99 
pathology  of,  250 
picric  acid  in,  254 
by  Rcintgen  rays,  256 
Bursa,  acromion,  429 
of  ankle,  431 
under  biceps,  429 
ischial,  429 
of  knee,  430 
olecranon,  428 
jjrepatellar,  430,  585 
psoas,  430 

semi-membranosus,  431 
sub  acromial,  428 
sub-calcanean,  432 
sub-crural,  430,  584 
sub-deltoid,  428,  496,  734 
sub-tcapularis,  429 
under  tendo  Achillis,  431 
trochanteric,  429 
Bursa?,  adventitious,  425 
affections  of,  425 
affections  of  individual,  428 
diseases  of,  425 
injuries  of,  425 
suppurative  form,  427 
syphilis  of,  428 
tuberculosis  of,  427 
tumours  of,  426,  428 
Bursal  haematoma,  425 
hydrops,  426 
hygroma,  426 
tumour,  solid,  426 
Bursitis,  gonococcal,  427 
gouty,  427 
trade,  425 
traumatic,  425 
varieties  of,  425 
Buttock,  tumour  of,  208 
Button  suture.  Lister's,  237 
Button- hole  stitch,  237 


Cachexia,  cancerous,  220 

in  tumours,  199 
Cacodylate  of  soda  in  actinomycosis, 
139 

Caird,  F.  M.,  on  dislocation  of 

shoulder,  486 
Calcaneo-cuboid  joint,  612 
Calcification  in  arteries,  291 
in  muscles,  416 
in  tuberculosis,  149 
Callosities,  382 
Callous  ulcers,  85,  90 
Callus,  absorption  of,  457 
excess  of,  457 
formation  of,  456 
tumours  of,  458 
Calmette's  antivenin,  142 
Cancer,  216 
arsenic,  397 
of  bone,  665,  683,  684 
cachexia  in,  220 
causes  of,  216,  219 
chimney-sweep's,  397 
colloid,  224 

columnar  epithelial,  223 
contagiousness  of,  219 
cystic,  224 
definition  of,  216 
degeneration  of,  218 
encephaloid,  224 
en  cuirassc,  217 
glandular,  223 

glandular  infection  in,  21 1,  2^-3 
histology  of,  216 
increase  of,  219 
of  lymphatic  glands,  348 
medullary,  224 

melanotic,  200,  224,  349,  399, 

405 
paraffin,  397 
pigmented,  224,  349 
radium  treatment,  221 
rodent,  199,  224,  397 
scirrhous,  224 
of  skin,'349,_396 
spread  of,  21  ( 
squamous  epithelial,  222 
ulceration  of,  218 
varieties  of,  222 
X-ray,  256,  397 
Cancrum  oris,  112 
Cantharidis  plaster,  52 
Capillaries,  anatomy  of,  268 
Capillary  angioma,  302 
loops,  2 
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Carbolic  acid,  oi 

gangrene,  34,  100 

poisoning,  S-t 
Carbohiria,  34 

Carbon-dioxide  snow,    305,  389, 
399 

Carbuncle,  133,  135,  3S5 
Carcinoma,  216.    See  Cancer 
Caries,  627 
of  articular  surfaces,  687,  692, 
700 

sicca,  628,  687,  707 

syphilitic,  652 

tuberculous,  645,  687 
Carotid  aneurysm,  322 

artery,  compression  of,  279 

tubercle,  279,  323 
Carpal  bones,  dislocation  of,  542 
fracture  of,  539 

ganglion,  229 
Carpo-metacarpal  dislocations,  548 
Canon  oil,  255 
Carr's  splint,  535 
Carrying  angle,  508,  513 
Cartilage,  repair  of,  7 

ulceration  of,  687 
Cartilaginous  ankylosis,  688 

exostosis,  205,  672 
Cartridge,  blank,  wounds  by,  244 

wads,  wounds  by,  243 
Caseation  in  tuberculosis,  149 
Catalepsy,  128 
Catgut,  infection  by,  60 

preparation  of,  38 
Cathcart,  C.  W.,  on  bone  changes 
in  ulcers,  85 

on  Colles'  fracture,  534 

on  venereal  warts,  395 
Cautery,  actual,  47,  280 

in  hfemorrhage,  280 
Cavernous  angioma,  306 

lymphangioma,  336 
Cell  nests,  222 

Cellular  tissue,  saline  infusion  into, 
285 

Cellulitis,  61,  289 

in  different  situations,  67 

diffuse,  61 
Cephalic  or  Kopf  tetanus,  130 
Cerebral  abscess,  246 
Cervical  lymphatic  glands,  340 

rib,  366,  377 
Chalk  stones  in  gouty  joints,  713 
Championniere,  Lucas-,  on  massage 
in  fracture,  446 


Chancre,  concealed,  165,  167,  171 
erratic,  167 
extra-genital,  167 
hard,  165,  166 

excision  of,  170 
nieatal,  165 

relapsing  false  indurated,  188 

soft,  168 

urethral,  166 
Chencroid,  168 
Charcoal  poultice,  90 
Charcot's  disease,  669,  722,  762 
Chase  on  fracture  of  carpal  bones, 
540 

Chauffeur's  fracture,  536 
Cheadle  on  scurvy-rickets,  663 
Cheloid,  402    See  Keloid 
Chemical  antiseptics,  34 
Chemiotaxis,  14,  43 
Chest,  bullet  wounds  of,  247 
Chiene,  John,  on  Colles'  fracture, 
533 

on  fracture  of  clavicle,  486 

on  fracture  of  humerus,  502 

on  fracture  of  metacarpal,  546 
Chiene's  test,  557,  561 
Chigoe,  141 
Chilblain,  99,  383 
Chimney-sweep's  cancer,  397 
Chipault  on  the  treatment  of  per- 
forating ulcers,  89 
Chloroma,  213 
Chondroma,  197,  204,  674 

malignant,  674 

multiple,  205 
Chondro-sarcoma,  213,  674,  678 
Chopart's  joint,  612 
Choroiditis,  syphilitic,  175,  193 
Chronic  glanders,  136 

rheumatism,  714 

suppuration,  68 
Chylorrhcea,  333 
Chylo-thorax,  333 
Chylous  ascites,  333 
Chyluria,  336 

Cicatrices,  affections  of,  401 

pigmented,  239 

varieties  of,  401,  402 
Cicatricial  contraction,  3 

tissue,  3 
Cicatrix  horns,  394 
Circvmicision  in  syphilis,  170,195 
Circumflex  nerve,  369 

lesions  of,  369,  496 
Circumscribed  neuroma,  361 
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■Cirsoid  aneurysm,  307 
•Cladius'  catgut,  38 
Claviceps  purpurea,  109 
•Clavicle,  dislocations  of,  481 
of  acromial  end,  481 
of  both  ends,  483 
of  sternal  end,  482 
fractures  of,  366,  474 
separation  of  epiphysis,  476 
€law-hand,  374,  415 
Cloacfe  in  bone,  634 
•Clot,  external,  275 
internal,  275 
laminated,  290,  310 
Coagulation  necrosis,  56 
■Cobb  on  traumatic  asphyxia,  266 
Cocci,  11 
•Coccydynia,  555 
•Coccygeal  sinuses,  225 
Coccyx,  fracture  of,  555 
•Codmau  on  bursitis,  428 

on  fracture  of  carpal  bones,  540 
•Cceliac  axis,  aneurysm  of,  321 
•Cohnheim  on  rests,  197 
■Cold,  abscess,  150,  154 
in  inflammation,  51 
Coley's  fluid,  214,  681 
•Collapse,  259,  263 
■Collateral  circulation,  275 
OoUes'  fracture,  532 
reversed,  536 
unreduced,  535 
law,  194 
■Colloid  cancer,  224 
■Columnar  epithelioma,  223 
Composite  odontoma,  207 
•Compound  dislocation,  467,  469 
fracture,  436,  450,  457 
palmar  ganglion,  232,  422 
■Condylomata,  173,  190 
•Congenital,  absence  of  muscles,  412 
cystic  tumour,  337 
dislocation,  472.     See  also  In- 
dividual Joints 
telangiectasis,  302 
•Connective  tissue,  repair  of,  6 

tumours,  200,  210 
Consolidated  aneurysm,  311 
Contracture  of  joints,  688.   See  also 
Individual  Regions 
of  muscles,  414,  415 
paralytic,  354 
■Contused  wounds,  233,  239 
•Contusions,  233 
of  arteries,  269 


Contusions  of  bone,  433 

of  hip,  578 

of  joints,  463 

of  muscle,  406 

of  nerves,  353 

of  shoulder,  496 
Coracoid  process,  fracture  of,  499 

separation  of  epiphysis  of,  499 
Cornea,   syphilitic  ulceration  of, 

175,  193 
Corns,  383 

Goronoid  process,  fracture  of,  517 
Corpora  oryzoidea,  728 
Corpuscles,  pus,  55 
Corrosive  sublimate,  34,  35 
Counter-irritants,  47,  52,  153 
Coxa  vara,  568,  661 
Craniotabes,  191,  660 
Crateriforni  ulcer  of  Hutchinson, 
396 

Creolin,  35 

Crepitus  in  fractures,  440,  455 
Crile  on  shock,  201,  262,  286 
Croft's  splint,  449,  607 
Crossed-leg    deformity     in  hip 

disease,  756 
Croup,  121 
Croupous  exudate,  44 
Crucial  ligaments  of  knee,  rupture 

of,  597 
Crutch  paralysis,  358,  373 
Cubitus  valgus,  513 

varus,  513 
Cupping,  dry,  49 

wet,  52 

Cutaneous  ncuro-fibroma,  364 
Cutis  anserina,  25 
Cyanosis,  traumatic,  266 
Cyst,  227 
"atheromatous,  392 

Bakers,  727 

blood,  229 

of  bone,  685 

congenital,  337 

dentigerous,  207 

derma,  224 

exudation,  227 

foreign  body,  249 

ganglionic,  229 

hfomorrhagic,  234 

hydatid,  228,  420 

implantation,  227 

of  joints,  727 

lymph,  229 

lymphatic,  229,  337 
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Cyst,  mucous,  227 

parasitic,  227 

retention,  227 

sebaceous,  392 

serous,  234 

varieties  of,  227 

venous,  297 
Cystic  adenoma,  216 

carcinoma,  224 

liygroma  of  neck,  229 

lymiihangioma,  336 

Dactylitis,  syphilitic,  205 

tuberculous,  205,  649 
Dangerous  area  in  neck,  274 
Dawson,  F.  I. ,  on  leucocytosis,  23 
Deafness,  syphilitic,  193 
Deformities.     Sec  also  Individual 
Regions 

from  burns,  252 

of  hip,  755 

sabre-blade,  192,  656 

saddle  nose,  190 

scissors-leg,  756 

following  tuberculous  disease  of 
knee,  768 
Deformity,  in  dislocations,  467 

in  fractures,  440 

in  hip  disease,  755 
Degeneration,  of  arteries,  291 

caseous,  149 

gelatinous,  701 

of  nerves,  351 

reaction  of,  353 
Delayed  union  of  fracture,  458 

shock,  262 
Delhi  boil,  140 

Delirium,  in  surgical  patients,  264 

traumatic,  265 

tremens.  264,  444 
Dentigerous  cyst,  207 
Depressed  fracture,  437,  438 
Dercum  on  adiposus  dolorosa,  201 
Derma-cysts,  224 
Dermatitis,  X-ray,  256 
Dermoids,  224 
Diabetic  gangrene,  107 
Diapedesis  of  red  corpuscles,  43 
Diastasis,  452.    Sec  Separation  of 

Epiphysis 
Diffuse,  aneurysm,  310,  313 

cellulitis,  61 

fibroma,  208 

lipomatosis,  201,  202 

neuro- fibromatosis,  362 


Diffuse,  osteoma,  673 

suppuration,  61 
Digital  compression  in  aneurysm, 
316 

of  arteries,  279 
Dijjhtheria,  120 
antito.xin  in,  121 
"carriers"  of,  122 
intubation  in,  122 
laryngeal,  121 
pharyngeal,  120 
Diphtheritic  gangrene,  113 
Diplococci,  11 
Disinfection  of  hands,  36 

of  skin,  37 
Dislocation  of  ankle,  619 
of  astragalus,  621,  622 
of  carpal  bones,  542 
carpo-metacarpal,  543 
of  clavicle,  480 
compound,  467,  469 
congenital,  472.    See  Individual 

Joints 
of  elbow,  518 
of  fibula,  593 
of  fingers,  548 
with  fracture,  470 
habitual,  471 
of  hip,  572 
in  hip  disease,  750 
inter-phalangeal,  623 
of  joints,  466 
of  knee,  591 
medio-tarsal,  623 
of  metacarpals,  547 
of  metatarsals,  623 
of  nerves,  358 
old-standing,  470 
operative  treatment  of,  469' 
of  OS  magnum,  542 
of  patella,  603 
pathological,  472,  632,  701 
of  radio-carpal  joint,  541 
radio-ulnar  joint,  inferior,  540 
of  radius,  524 

sub-lu.xation  of  head  of,  525. 
recurrent,  471 
of  scaplioid,  543 
of  scapula,  480 
of  semilunar,  542 
ofslioulder,  483 
sub-astragaloid,  622 
tarso-metatarsal,  623. 
tendons,  409 
of  thumb,  547 
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Dislocation  of  tibia,  total,  592 

of  tibio-fibiilar  joint,  inferior,  621 
superior,  593 

of  toes,  623 

traumatic,  466 

of  ulna,  515,  524^ 

of  ulnar  nerve,  374 

varieties  of,  466 

voluntary,  466,  467 

of  wrist-joint,  540,  541 
Displacement,  in  fractures,  438,  439 

of  semilunar  cartilages,  594 
Dissecting  aneurysm,  310 
Double  cyanide  gauze,  39 
Double-inclined  plane  splint,  5/2, 
574 

Doyen's  angiotribe,  280 
Drainage  tubes,  238 

of  wounds,  237 
Dressings,  surgical,  39 
Drill-bone,  417 
Drop-finger,  411 
foot,  376 
wrist,  370 
Drunkard's  palsy,  358,  370 
Dry  caries,  628,  687,  707 
cupping,  49 
gangrene,  95 
Duchenne's  paralysis,  367,  368 
Ducrey's  bacillus,  168  .  r 

Dugas'  symptom  in  dislocation  ot 

shoulder,  485 
Dum-Dum  bullets,  244 
Duncan,  Jobn,  on  angiomata,  301 
method  of  trejiting  fracture  ot 

clavicle,  479 
on  tuberculous  arthritic  fever,  702 
Duodenum,  ulceration  of,  in  burns, 
253 

Dupuytren  on  burns,  251 
Dupuytren's   fracture,    613,  614, 
615,  621 

splint,  616 
Dwarf,  rickety,  659 

syphilitic,  194 

Eburnation  of  articular  surfaces,  717 
Eochondroses,  716 
Ecchymosis,  233 
Echinococcus,  228 
Echtbyma,  172 
Ecto-cyst,  liydatid,  228 
Eczema,  varicose,  79,  299 
Ehrlich  on  leucocytes,  23 
Elastic  bandage,  300 


Elastic  stockings,  300 

webbing,  91 
Elbow,  angler's,  407 
ankylosis  of,  739 
arthritis  deformans  of,  739 
cellulitis  of,  67 
diseases  of,  737 

dislocations,  old-standing,  524 

traumatic,  518 
examination  of,  509 
injuries  in  region  of,  508 
miner's,  425,  428 
neuro-arthropathies  of,  739 
pyogenic  diseases  of,  739 
sprain  of,  526 
student's,  428 
surgical  anatomy  of,  508 
tennis  player's,  407,  527 
tuberculous  disease  of,  737 
Electricity,  injuries  by,  250,  256 
257 

Electrolysis,    in    aneurysm,  31/ 
321,  322 
in  angiomata,  305,  307 
Elephantiasis,  335,  389 
lupus,  388,  392 
nervorum,  392 
neuromatosa,  364 
of  scrotum,  392 
varieties  of,  390,  392 
Emboli,  septic,  72  ^ 
Embolic  abscesses,  73 

gangrene,  102 
Embolism,  289,  290 
air,  273 
fat,  266 

of  individual  arteries,  102 
Embolus,  289 

malignant,  290 
Emigration  of  leucocytes,  43 
Emphysema,  62,  110,  111 
Emprosthotonos,  125  ^  ^ 
Empyema  of  joints,  687,  /05 
Encephaloid  cancer,  224 
Enchondroma,  674 
Endarteritis  obliterans,  291 

syphilitic,  175 
Endo-anenrysniorraphy,  31o 
Endocarditis,  septic,  m  pvfemia, 
Endocyst,  hydatid,  228 
Endosteal  sarcoma,  680 
Endothclioid  cells,  149,  160 
Endothelioma,  210 

of  bone,  678 
Eosinophilia,  23 
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Epicritic  sensibility  of  nerves,  351, 
353 

Epidermis,  repair  of,  3 

Epi^jhyses,  separation  of,  452.  See 

also  Individual  Epipliyses 
in  osteomyelitis,  632 
Epijiliysial  cartilage,  function  of, 

625 

in  rickets,  659 
junction,  624 
Epiphysiolysis,  630 
Epiphysitis,  627 

syi^hilitic,  191,  712 
Epithelial  odontoma,  206 

pearls,  222 

tumours,  215 
Epithelioma,  222 

chimney-sweep's,  397 

lupus,  388 

paraffin,  397 

of  scalp,  393 

in  scars,  402 

sinus,  684 

of  skin,  397 

trade,  397 

varieties  of,  215,  222 
Epithelium  grafting,  92 

repair  of,  3,  6 
Epicrochlear  lymphatic  glands,  331 
Epulis,  676 

Erb's  paralysis,  367,  368 
Ergot,  gangrene  from,  109 
Erratic  chancre,  167 
Erysipelas,  117 

facial,  118 

neonatorum,  119 

persistent  <jidenia  after,  119 

in  puerperal  women,  119 

temperature  in,  25 

varieties  of,  118 
Erythema  pernio,  383 

nodosum,  632,  714 
Escharotics  in  angioniata,  302 
Esmarch's  tourniquet,  278 
Evaporating  lotions,  51 
Eve  oil  tumours  of  jaw,  206 
Excision  of  aneurysm,  314 
Excision  of  joints,  710,  711 
Exfoliation,  628 
Exophthalmos,  pulsating,  324 
Exostosis,  205,  671,  672 

bursata,  672 

cancellous,  205,  672 

cartilaginous,  205,  672 

false,  446 


Exostosis,  ivory,  205,  672 

membranous,  671 

multiple,  673 

spongy,  205,  672 

sjuirious,  416,  716 

subungual,  206,  405,  672 

varieties  of,  671 
Explosives,  wounds  b}',  240,  248 
Extension,  by  perineal  band,  567 
vertical,  581 

by  Steinmaun's  method,  564 

by  weightand  pulley,  564,586,708 
External iliacartery,  erabolusof,  102 

popliteal  nerve,  lesions  of,  375 
Extra-genital  chancre,  167 
Extravasation  of  blood,  277 

in  contusion,  233 
Exudates,  varieties  of,  44 
Exudation  cysts,  227 
Eye,  black,  234 

bullet  wounds  of,  243 

syphilitic  lesions  of,  175,  193 

-Facial  artery,  conii^ression  of,  279 

erysipelas,  118 

nerve,  paralysis  of,  127 
Fainting,  259 
False  joint,  461 

neuroma,  361 
Farcy,  136 

Fascia,  calcification  in,  416 

ossification  in,  416 
Fat  embolism,  266,  443 
Fatty  hernia,  202 

tumours,  200 
Fehleisen  on  organism  of  erysipelas 
117  -  . 

Fehling  on  osteomalacia,  665 
Femoral  aneurysm,  327 
artery,  comijression  of  279 

embolus  of,  102 
lympliatic  glands,  332 
Femur,  fracture   of,  in  children 
567,  582 
fracture  of  condyles  of,  588 
of  great  trochanter  of,  571 
of  head  of,  558 

just belowlosser trochanter  571 

of  lower  end  of,  585  ' 

of  neck  of,  558 

of  shaft  of,  579,  582 

of  upper  end  of,  557 
necrosis  of,  634,  641 
sarcoma  of,  670 

separation  of  epiphysis  of  head,  558 
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Femur,   separation  of  lower  epi- 
physis of,  588 
Fergnsson,  Sir  Wm.,  on  subclavian 

aneurysm,  317 
Fever,  46 

aseptic,  28,  235 

due  to  bacteria,  69 

gangrene,  after  acute,  110 

growth,  638 

hectic,  70 

splenic,  131 

traumatic,  443 
Fibro-adenoma,  216 
Fibroblasts,  2 
Fibroid  lupus,  388 

recurrent,  of  Paget,  212,  395,  419 

uterine,  208,  209 
Fibrolysin,  401,  402 
Fibroma,  207,  208 
of  bone,  675 

diffuse,  208 

recurrent,  of  Paget,  212,  395,  419 
of  skin,  395 
varieties  of,  208 
Fibromatosis,  diffuse,  208 
Fibro-myomata,  209 
sarcoma,  213,  678 
Fibrositis,  413 
Fibrous  ankylosis,  688 
odontoma,  207 
union  in  fracture,  444 
Fibula,  dislocation  of,  593 
fracture  of,  610 
upper  end  of,  591 
Filaria  sanguinis  hominis,  335,  390 
Filarial  disease,  335 
Finckh  on  old-standing  dislocation 

of  shoulder,  494 
Finger,  chancre  of,  167, 168 
drop-,  411,  550 
mallet-,  411  550 
Fingers,  dislocation  of,  548j_  549 
gouty  affections  of,  421,  713 
injuries  of,  411,  544 
wliitlow  of,  63 
Finsen  light  treatment,  153 
Firearms,  wounds  by,  240 
First  intention,  healing  by,  3 
Fisliing-gut,  39 
Fistula,  69 
congenital,  69 
lymphatic,  332 
varieties  of,  69 
Flat  pelvis,  661 
Floating  patella,  598 


Fluctuation,  57 
Fly-blister,  90 
Fcetal  residues,  197 
Fcetus,  parasitic,  227 
Follicular  odontoma,  207 
Fomentations,  47 
Foot,  cellulitis  of,  67 
drop-,  376 

injuries  in  region  of,  611 
madiira,  139,  140 
perforating  ulcer  of,  80 
surgical  anatomy  of,  611 
Footballer's  knee,  599 
Forci-pressure  in  htemorrhage,  280 
Forearm,  aneurysm  of,  326 
Forearm,  cellulitis  of,  67 

fractures  of,  527 

injuries  of,  508 
Foreign  bodies,  embedded,  248 

encapsulated,  249 
Formalin,  35 
Foulis'  tourniquet,  278 
Fournier  on  syphilis,  188 
Fracture  of  acetabulum,  553 

of  acromion  process,  498 

amputation  for,  451 

of  ankle,  612 

of  astragalus,  617 

badly-united,  458 

Bennett's,  of  base  of  metacarpal 
of  thumb,  546 

during  birth,  434 

boards,  445 

of  both  bones  of  leg,  604 
of  carpal  bones,  539,  544 
chauffeur's,  536 
of  clavicle,  366,  474 
clinical  varieties  of,  436 
of  coccyx,  555 
Colics',  53-2  _ 

reversed,  536 

unreduced,  535 
comminuted,  437 
complications  of,  443 
compound,  436,  450,  457 

amputation  in,  451 
osteomyelitis  in,  452 
of  coracoid  process,  499 
of  coronoid  process,  517 
crepitus  in,  440 
delayed  union  in,  458 
delirium  tremens  in,  444 
de])ressed,  437,  438 
with  dislocation,  470^ 
1     displacements  in,  437 
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Fracture,   without  displacement, 

■138 

with  distraction,  438 
Dnpuytren's,  613,  614,  620 
fat  embolism  in,  443 
oF    femur,    in    children,  567, 
582 

condyles  of,  585,  588 
extra-capsular,  568 
great  trochanter  of,  571 
head  of,  558 
inter-condylar,  588 
intra-capsular,  559 
just  below  lesser  trochanter, 
571 

lower  end  of,  585 

neck  of,  558 

shaft  of,  579,  582 

supra-condylar,  585 
fever  in,  443 
fibrous  union  of,  444 
of  fibula,  591,  610 
fissured,  437 

of  forearm,  both  bones,  527 
forms  of  violence,  causing,  435 
gi-eenstick,  436,  445,  475,  477 

527,  528 
of  humerus,  anatomical  neck  of 

503 

condyles  of,  513 

head  of,  503 

inter-condylar,  511,  513 

lower  end  of,  509 

shaft  of,  492,  504 

supra-condylar,  509,  511 

surgical  neck  of,  497,  503 

tuberosities  of,  503 

upper  end  of,  499 
of  iliac  spines,  555,  557 
of  ilium,  554 
impacted,  439 
incomplete,  436 
intra-uterine,  434 
of  ischium,  555 

Jones',  of  fifth  metatarsal,  619 
leg,   ambulatory  treatment  of, 
615 

both  bones  of,  604 
longitudinal,  433 
mal-union  of,  458,  530 
massage  and  movement  in,  440 
ot  metacarpals,  543,  544,  546 
ot  metatarsals,  619 
miiltiple,  437,  667,  670 
by  muscular  action,  435 
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Fracture,  oblique,  438 
of  olecranon  process,  515 
operative  treatment  of,  449 
of  OS  calcis,  618 
separation  of  posterior  tubercle 
of,  618 
with  overriding,  438 
pain  in,  442 
of  patella,  599 

old-standing,  602 
pathological,  433,  632,  635,  653, 

680,  683 
of  pelvic  girdle  as  a  whole,  551 
of  pelvis,  551 

of  i^halanges  of  fingers,  547 

of  toes,  618 
Pott's,  612 

converse  of,  617 
of  pubes,  552 
radiography  in,  434,  441 
of  radius,  head  of,  517 

lower  end  of,  532 

neck  of,  518 

shaft  of,  530 

tubercle,  518 

upper  end  of,  517 
reduction  of,  445 
repair  of,  456 
retention  of,  446 
with  rotatory  displacement,  438 
of  sacrum,  555 
of  scaphoid,  carpal,  540 

tarsal,  618 
of  scapula,  496 

separation  of  processes  of  bone 
437 

setting  of,  445 
shock  in,  443 
simple,  436 

clinical  features  of,  439 

prognosis  in,  444 

treatment  of,  444 
of  skull,  bullet,  243,  246 
Smith's,  536 
spiral,  438 
splints  for,  448 
spontaneous,  433,  434 
sprain,  464,  598 
sub  periosteal,  437 
of  tarsus,  618 
of  tibia,  610 

avulsion  of  tubercle  of,  591 

head  of,  589 

upper  end  of,  589 
transverse,  437,  438 
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Fracture,  traumatic,  435 
treatment  of,  444 

ulna,  lower  end  of,  539  i 
shaft  of,  531  j 
upyier  end  of,  515- 
ununited,  460,  609  ^  \ 
want  of  union  in,  458 
X-rays  in,  434,  441 
Fractures,    433.  Individual 
Bones 

Fraenkel's  pneumococcus,  22 

Fragilitas  ossiuin,  670 

Fraser,  Sir  Thomas  R.,  on  anti- 

venin,  142 
Friedliinder's  pneumo-bacillus,  22 
Frost-bite,  gangrene  from,  99 

prevention  of,  100 
FuUarton  on  Colles'  fracture,  533 
Fungus,  ray,  137 
Furuiiculus  orientalis,  140 
Fusiform  aneurysm,  309 

Galvano-puncture    in  aneurysm, 
317 

Ganglion,  229 
carpal,  229 

compound  palmar,  232,  422 

in  region  of  knee,  230 

tarsal,  230 

in  tendons,  232 

varieties  of,  229 
Ganglionic  neuroma,  360 
Gangrene,  96 

acute  infective,  110 

amputation  for,  102,  106,  108, 
111 

from  angio-sclerosis,  108 
atheroma  in,  103,  104 
bacterial  varieties  of,  110 
from  burns  and  scalds,  99 
cancrum  oris,  112 
carbolic,  34,  100 
from  chemical  agents,  100 
clinical  types  of,  96 

varieties  of,  98 
from  constriction  of  vessels,  100 
definition  of,  96 
diabetic,  107 
diphtheritic,  113 
dry,  96 
embolic,  102 
from  ergot,  109 
from  fracture,  528 
from  frost-bite,  99 
hospital,  113 


Gangrene,   from  interference  with 
circulation,  98 
following   ligation    of  arteries, 
103 

line  of  demarcation  in,  97 
malignant  redema.  111 
moist,  98 
noma,  112 
phagedfena,  113 

from    physico-chemical  causes, 
99 

Raynaud's  disease,  109 
senile,  103 

after  simple  fracture,  444,  528 
in    specilic    infectious  diseases, 
109 

symmetrical,  109 

traumatic,  239 

white,  102 

from  whitlow,  65 
Gant's  operation  on  femur,  755 
Garre  on  boils,  384 

on  hip  disease,  754 

on  neuroma,  363 
Gasseriaii  ganglion,  removal  of,  380 
Gauze,  39 

double-cyanide,  39 

iodoform,  40 

sterilisation  of,  37 
Gegenbauer  on  lymph  cysts,  229 
Gelatin,  injection  of,  in  aneurysm, 
317 

in  haemophilia,  289 
Gelatinous  degeneration  of  joints, 
701 

General  tuberculosis,  150 
Giant  cells,  2^  149,  160,  249 
Giantism,  197 
Glanders,  134 

acute,  134 

bacillus  of,  134 

chronic,  136 
Glands,  lymphatic.    Sec  Lymphatic 

Glands 
Glandula>  concatinata?,  330 
-  Glandular  carcinoma,  223 
Glenoid  cavity,  fracture  of,  498 
Glioma,  210  " 

Glioniatous  arthropathies,  724 

Glio-sarconia,  213 

Gloves  in  surgery,  37 

Gluteal  aneurysm,  326 

Glvcogen  reaction,  24 

Glycosuria  in  perforating  ulcer,  fcO 

Golfer's  back,  407 
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Gonorrhoeal  bursitis,  427 
joint  lesions,  696 
lymphangitis,  334 
Gonorrliceal  mj'ositis,  415 
ophthalmia,  joint  lesions  follow- 
ing, 696 
rheumatism,  696 
teno-synovitis,  422 
Gooch's  splinting,  448 
Gordon's  sjilint,  535 
Gout,  joint  affections  in,  713 
Gouty  bursitis,  427 
teno-synovitis,  421 
tophi,  713 
ulcers,  84 
Gowers,  Sir  Wm.,  on  fibrositis,  413 
Grafting  of  bone,  626 
of  epithelium,  92 
of  mucous  membrane,  95 
of  nerve,  357 
of  skin,  91,  93 
Granulatiug  surfaces,  healing  by 

union  of,  5 
Granulation,  healing  by,  5 
tissue,  formation  of,  3 
syphilitic,  160 
tuberculous,  159 
Granulations,  5 

Greenstiok  fracture,  436,  445,  475, 

477,  527,  528 
Greig,  D.  M.,  on  myositis  ossificans, 

519,  523 

Griffiths,  Joseph,  on  arthritis  ossifi- 
cans, 638 

Gritti-Stokes  amputation,  107 

Groin,  cellulitis  of,  67 
filarial  disease  in  lymphatics  of, 
335 

glands  of,  345 
Grossich  on  cleaning  of  wounds, 
35 

Growing  pains,  638 
Growth  fever,  638 
Gumma,  183,  185 

of  bone,  651 

peri-bursal,  428,  711 

periosteal,  651 

peri-synovial,  711 

subcutaneous,  82 

syphilitic,  183,  185 
Gummatous  infiltration,  185,  187 
Gunsbot  wounds,  242,  244 
Gutta-iiercha  splints,  448 

Habitual  dislocation,  471,  495 


Hsemarthrosis,  464 
Heematemesis,  277 

post-operative,  51 
Hajmatoma,  234,  277 

bursal,  425 

of  periosteum,  433 

pulsating,  of  bone,  682 
Haematuria,  277 
Hremophilia,  276,  286 

bruises  in,  233 
Hfemojibilic  joint,  721 
HiEmoptysis,  277 
Hsemorrhage,  277 

accidental,  281 

air-hunger  in,  284 

arrest  of,  279,  281 

in  individual  arteries,  279 

arterial,  277 

capillary,  277 

cautery  in,  280 

constitutional  effects  of,  283 

digital  compression  in,  279 

external,  277 

forci-pressure  in,  280 

bot  water  in,  280 

intermediate,  281 

internal,  277 

into  lateral  ventricles,  128 

ligature  in,  279 

natural  arrest  of,  275,  276 

in  operations,  278 

permanent  arrest  of,  275 

prevention  of,  278 

primary,  278 

reactionary,  281 

saline  infusions  in,  285 

secondary,  282 

styptics  in,  280 

temporary  arrest  of,  275 
ligature  in,  279 

torsion  in,  280 

tourniquets  in,  278 

toxic  conditions,  causing,  283 

from  varicose  veins,  299 

venous,  277 
Hasmorrhagic  cyst,  234 

diathesis.  716 

exudate,  44 

rickets,  663 
Haimorrhoids,  295 
Hair,  syphilitic  lesions  of,  174 
Hall,  A.  L.,  on  avulsion  of  radial 

tubercle,  518 
Hamilton  on  fracture  of  acromion 

/i  Q  Q  * 
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Hand,  claw-,  374,  415 
injuries  in  region  of,  532 
surgical  anatomy  of,  532 
Handkerchief  method  of  treating 

fracture  of  clavicle,  480 
Hands,  disinfection  of,  36 
Hard  chancre,  165,  166 
Harrington's  solution,  35 
Hartley-Krause  operation,  380 
Head  on  nerve  lesions,  350,  353, 

354,  355 
Head  injuries  by  bullets,  246 
Healing  by  blood-clot,  4 
by  first  intention,  3 
by  granulation,  5 
by  primary  union,  3 
under  scab,  4 
by  second  intention,  60 
sore,  76 

treatment  of,  87 
ulcer,  84,  87 

by  union  of  granulating  sur- 
faces, 5 
Heart,  bullet  wounds  of,  247 
Heat,  sterilisation  by,  33 
Heath,  Christopher,  on  aneurysm, 
321 

Heberden's  nodes,  720 
Hectic  fever,  70 

temperature  in,  25 
Hemiplegia,  syphilitic,  1/6 
Hernia  cerebri,  246 

fatty,  202 

of  muscle,  409 
Herpes,  syphilitic,  170 
Hickson,   Lieutenant  -  Colonel,  on 

bullet  wounds  of  bone,  245 
Hilton's  method  of  opening  abscess, 
58 

Hip,  arthritis  deformans  of,  757 
Charcot's  disease  of,  759,  762 
contusion  of,  578 
disease,  741 

dislocations,  old -standing,  578 

varieties  of,  572 
examinatiou^of,  557,  741 
excision  of,  755 
hysterical,  726 
injuries  in  region  of,  556 
neuro-arthropathies  ot^,  759 
pyogenic  diseases  of,  756 
sprain  of,  578  _ 
surgical  anatomy  of,  556,  liO 
Thomas'  splint  for,  753^ 
tuberculous  disease  of,  /41 


Hip,  tuberculous,  abscess  formation 
in,  748 
bilateral,  756 
deformities  following,  755 
diagnosis  of,  750 
dislocation  in,  750 
stages  of,  742 
treatment  of,  751 
Hodgen's  splint,  565 
Hodgkin's  disease,  345 
Hoffman  on  virus  of  syphilis,  161 
Hood,   Wharton,   on  fracture  of 

clavicle,  478 
Horns,  varieties  of,  394 
Horse-hair,  39 
Hospital  gangrene,  113 
Housemaid's  knee,  425,  430 
Humerus,  fracture  of  anatomical 
neck,  503 
of  condyles,  513 
of  head,  503 
of  lower  end,  509 
of  shaft,  504 
of  surgical  neck,  499 
of  tuberosities,  503 
of  tuberosities  of,  ununited,  507 
separation  of  lower  epiphysis  of, 
512,  515 
of  upper  epiphysis  of,  502 
Hunter's  operation  for  aneurysm, 
315 

Hutchinson,  Jonathan,  on  diffuse 
osteoma  of  skull,  674 
on  syphilis,  167,  188,  193 
Hutchinson's  teeth,  193 
Hydatid  cysts,  228 
of  bone,  657 
of  muscle,  420 
of  spine,  667 
thrill,  229 
Hydrarthrosis,  464,  686 
Hydrocele  of  neck,  229,  337 
Hydrocephalus,  660 
Hydrogen  peroxide,  35 
Hydrophobia,  129,  130 

Hydrops,  686  ^  ^ 

in  arthritis  deformans,  /19,  /iO 

bursal,  426 

gonorrheal,  696  _  _ 

intermittent  neuropathic,  i2o 
neuropathiCj^  725 
rheumatic,  719 
syphilitic,  711 
traumatic,  598 
tuberculous,  700,  705,  /62 
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Hygi-oma,  337 
bursal,  426 
of  neck,  229,  337 
Hyper-abduction  metliod  of  reduc- 
ing dislocation  of  shoulder, 
489 

Hyperasmia,  43 
active,  47,  49 
artificial,  47,  694 
passive,  47 

iu  tuberculosis,  153,  708 
Hyiierostosis,  625,  635 

syphilitic,  653 
Hypertrophic    pulmonary  osteo- 
arthropathy, 670 
Hysteria,  125 

Hysterical  joint  affections,  726 
Ice-bags,  51 

Ichthyma,  syphilitic,  172 
Igni-puncture  in  ntevus,  302,  305 
Iliac  aneurysm,  326 
Ilio-femoral  ligament,  556,  573 
Ilium,  fractures  of,  554 
Immersion,  continuous,  63,  255 
Immunity,  14 

acquired,  14 

artificial,  15 

natural,  14 

unit  of,  16 
Impacted  fracture,  439 
Imperial  drink,  50 
Implantation  cysts,  227 

of  nerves,  357 
Incised  wounds,  235 
of  arteries,  271 
Inclined  plane  splint,  574 
Indian  puzzle,  used  for  dislocation 

of  thumb,  549 
Infantile  scurvy,  663 
Infection,  accidental,  32 

from  air,  39 

by  blood-stream,  32 

by  catgut,  60 

mixed,  13,  155,  156 

prevention  of,  33 

of  wounds,  31 
Inflamed  ulcers,  86,  91 
Inflammation,  42 

changes  in,  43 

chronic,  53 

clinical  aspects  of,  44 

constitutional  disturbance  in,  46 

general  principles  of  treatment 
in,  46 


Inflammation,  leucocytosis  in,  22 

nature  of,  42 

resolution  of,  44 

stages  of,  43 
Infusion  of  saline  solution,  285 
Ingrowing  toe-nail,  404 
Inguinal  aneurysm,  326 

lymphatic  glands,  332 
Injuries,  233.    Sec  also  Individual 
Tissues  and  Regions 

constitutional  effects  of,  259 

indications  for  amputation  in,  239 
Innocent  tumours,  198 
Innominate  aneurysm,  322 
Inoculation  tubercle,  386 
Insects,  poisoning  by,  140 
Instruments,  sterilisation  of,  37 
Intercostal  fibrositis,  414 
Intermediate  hfemorrhage,  281 
Internal   derangements   of  knee- 
joint,  593 

popliteal  nerve,  lesionsof,  375,  376 
Interstitial  keratitis,  193 
Intestine,  rejiair  of,  8 
Intoxication,  bacterial,  14 

septic,  69 
Intracranial  aneurysm,  324 
Intra- cystic  growths,  216 
Intra-muscularinjection  of  mercury, 
179 

Intra-uterine  fracture,  434 
Intubation  of  larynx,  122 
Inunction  of  mercury,  179 
Involucrum,  634 
Iodides  in  syphilis,  180,  187 
Iodine,  35,  47,  119 
catgut,  38 

for  disinfection  of  skin,  27 

reaction,  24 
lodipin,  187 
lodism,  187 
Iodoform,  35 

bougies,  171 

gauze,  40 

injection  of,  157,  709 

in  joint  diseases,  709 

poisoning,  35 
Iritis,  syphilitic,  175,  182,  192,  193 
Irrigation,  continuous,  63 
Irritable  ulcers,  86,  91 
Irritation,  9 

Ischajniic  contracture  of  muscles 
414 

Ischial  bursa,  429 
Ischias  scoliotica,  378 
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Ischium,  fracture  of,  555 
Ivory  exostosis,  672 
Izal,  35 

Jaws,  actinomycosis  of,  138 
changes  in,  in  rickets,  660 
cystic  tumours  of,  206 

Jigger,  141 

Joints.    See  also  Individual  Joints 
amputation  for  diseases  of,  711, 
755 

ankylosis  of,  688 
arthrectomy  of,  710 
arthritis,  acute,  of  infants,  630, 
692,  695 

deformans,  715 

ossificans,  688 
bacterial  diseases  of,  691 
Bier's  hyperemia,  in  diseases  of, 

694,  697,  708 
bleeder's,  721 
bullet  wounds  of,  242,  245 
Charcot's  disease  of,  669,  722,  759 
chondromata,  multiple  of,  732 
cold  abscess  of,  705 
constitutional  diseases  of,  713 
contracture  of,  688 
contusions  of,  463 
cysts  of,  727 

developmental  errors  of,  691 
diseases  of,  general,  686,  691 

individual,  733 

A^accines  in,  694,  695,  697 
dislocations,  traumatic,  466 
disorganisation  of,  687,  691 
empyema  of,  687,  705 
excision  of,  710,  711 
false,  461 

gelatinous  degeneration  of,  701 
gliomatous  arthropathies,  724 
gonococcal  affections  of,  696 
gouty  affections  of,  713 
haemophilic,  721 
]iydro]is  of,  686 
hysterical  affections  of,  726 
impaired  mobility  of,  687 
injuries  of,  462 
iodoform  in  diseases  of,  709 
lesions  in  infective  diseases  of,  694 
loose  bodies  in,  596,  721,  728 
luxation  of,  466 
mimetic  affections  of,  726 
nerve  lesions  affecting,  722 
ncuro-arthropathics,  J22 
osteo-arthritis,  712,  715 


Joints,  pneumococcal  infection  of, 
695 

pysemic  affections  of,  694 
pyogenic  diseases  of,  691 
rheumatic  affections  of,  695,  696, 
714 

rigidity  of,  687,  714 

scarlet  fever,  infection  of,  in,  694 

sources  of  strength,  462 

spinal  diseases  affecting,  722 

sprains  of,  464 

starting  pains  in,  687,  704 

surgical  anatomy  of,  462 

synostosis  of,  688 

syphilitic  diseases  of,  175,  192, 
711,  712 

tuberculous  diseases  of,  698,  705 

tumours  of,  727 

typhoid  infection  of,  694 

vaccines  in,  694,  695,  697 

white  swelling  of,  701,  705 

wounds  of,  464 
Jones,  Kobert,  on  fracture  of  fifth 
metatarsal,  619 

on  fractures,  492,  513,  582,  596 
Jugular  lymphatic  glands,  330 
Jumper's  sprain,  407 
Justa-minor  pelvis,  661 
Juxta-epiphysial  strain,  453 

Keen,  on  ligation  of  aorta,  322 
Keloid,  208,  252,  402 
Keratitis,  interstitial,  in  syphilis, 
193 

Keratoma  of  nail  bed,  394 
Klapp's  suction  bells,  48,  153,  169, 

182,  334 
Klebs-Lofiler  bacillus,  120 
Klumpke's  paralysis,  367 
Knee,  arthritis  deformans,  769 

bleeder's,  769 

cellulitis  of,  67 

Charcot's  disease  of,  769 

cold  abscess  of,  764 

deformities  of,  768 

diseases  of,  760 
pyogenic,  768 
tuberculous,  760 

dislocations  of,  591 

empyema  of,  764 

examination  of,  583,  760 

footballer's,  599 

ganglion  of,  230 

housemaid's,  425,  430 
hydrops  of,  686 
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Knee,  hysterical  diseases  of,  726 
injuries  in  region  of,  583 
injuries  of  semilunar  cartilages, 
593 

internal  derangement  of,  594 
loose  bodies  in,  769 
rupture  of  crucial  ligaments  of, 
597 

sprains  of,  598 

surgical  anatomy  of,  583,  760 
traumatic  hydrops  of,  598 
tuberculous  disease  of,  760 
clinical  types  of,  762 
deformities  following,  768 
extra-articular  abscess  in,  766 
white  swelling  of,  764 
Kocher  on  acute  osteomyelitis,  633 
artery  forceps,  280 
on  joint  diseases,  710,  754 
method  of  reducing  dislocation 

of  shoulder,  487 
on  preparation  of  catgut,  38 
on  use  of  gloves,  35 
Koch,  Eobert,  on  tubercle  bacillus, 
143 

Koch's  tuberculin,  150,  151,  152 
Konig  on  diseases  of  bone,  644 

on  diseases  of  joints,  698,  748 

on  tumours  of  bone,  681 
Kopf  or  cephalic  tetanus,  127,  130 
Kraiise-Hartley  operation,  380 

Labourer's  back,  407 
Lacerated  wounds,  239 
Lambkin  on  treatment  of  syphilis, 
179 

Laminated  clot,  290,  310 
Lane,  Arbuthnot,  on  fracture  of 
acromion,  498 

on  operative  treatnientof  fracture, 
450,  609 

on  traumatic  arthritis,  596,  715 
Laryngeal  diphtheria,  121 
Larynx,  intubation  of,  122 

syphilis  of,  174,  193 
Late  rickets,  663 
Lateral  onycliia,  404 
Ledderhosc  on  ganglion,  231 
Leeches,  52 
Lee-Enfield  btdlet,  244 
Leg,  fracture  of  bones  of,  604-610 

injuries  of,  583 

ulcer,  79,  88 
grafting  of,  91,  92 

varicose  veins  of,  295 


Leiter's  lead  tubes,  51 
Leontiasis  ossea,  673 
Leucocytes,  emigration  of,  43 

varieties  of,  23 

wandering,  2 
Leucocythfemia,  347 
Lencocytosis,  22 

absence  of,  24 

artificial,  22 

in  cellulitis,  61 

digestion,  23 

in  diphtheria,  120 

in  erysipelas,  118 

after  hfemorrhage,  23 

in  inflammation,  43 

local,  43 

physiological,  23 
post-operative,  23 
in  syphilis,  171 
Leucopenia,  24 

Ligaments,  crucial,  of  knee,  rup- 
ture of,  597 
Ligation  of  arteries  for  aneurysm,  315 

of  blood-vessels,  276,  279 
gangrene  following,  103 
temporary,  275,  279 
lateral,  of  veins,  273 
Light  treatment  of  lupus,  389 
Lightning  stroke,  257 
Line  of  demarcation  in  gangrene,  97 
Linen  thread,  39 
Lingual  dermoids,  225 
Lint,  boracic,  40 
Lipoma,  200 

arborescent,  422,  717,  728 

of  bone,  676 

diffuse,  201 

intra-muscular,  202 

multiple,  201 

nasi,  396 

periosteal,  202 

subcutaneous,  200,  201 

subserous,  202 

subsynovial,  202 

symmetrical,  201 
Lipomatosis,  difl'use,  201 
Lipping  of  bone,  716 
Liquor  epispasticus,  52 

puris,  54 
Lister,  Lord,  on  antiseptics,  33 

on  bloodless  method  of  operating, 
2/8 

button  sutures,  237 
strong  solution,  35 
Listou's  long  splint,  564,  567 
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Local  asphyxia,  109 

lencooytosis,  43 

syncope,  109 
Lock-jaw,  125 

Locomotor  ataxia,  joint  lesions  in, 
722 

Long  splint,  Liston's,  564,  567 
Loose  bodies  in  bursaj,  426 

in  joints,  596,  719,  728 

in  tendon  sheaths,  422 

varieties  of,  728 
Lotion,  antiseptic,  34 

antiseptol,  35 
•  biniodide  of  mercury,  35 

boracic  acid,  35 

carbolic,  34 

corrosive  sublimate,  34 

creolin,  35 

evaporating,  51 

formalin,  35 

izal,  35 

lead  and  opium,  51 
Lister's  strong,  35 
lysol,  35 

peroxide  of  hydrogen,  35 

sanitas,  35 

septoform,  35 

sublimate  alcohol,  36 
Luff  on  arthritis  deformans,  721 
Lumbago,  413 
Lumbar  puncture,  129 
Lumbo-sacral  fibrositis,  413 
Lupus,  387 

elephantiasis,  392 

epithelioma,  388 

fibroid,  388 

ray  treatment  of,  389 

syphilitic,  185 

tuberculous,  387 

varieties  of,  387,  388 
Luxation  of  joints,  466 
Lymph,  329 

cysts,  229 

scrotum,  390 
Lymphadenitis,  62,  338 
Lynipliadenoma,  345 
Lymphangiectasis,  229,  335 
Lymphangioma,  336 

varieties  of,  337 
Lympliangio-sarcoma,  213 
Lymphangitis,  334 

seijtie,  62 

varieties  of,  334 
Lympliatic  cyst,  229,  337 

fistula,  332 


Lymphatic  glands,  cancer  of,  348 
diseases  of,  338 
distribution  of,  330 
functions  of,  330 
morbid  anatomy  of,  332,  334 
sarcoma  of,  211,  213,  348 
surgical  anatomy  of,  329 
syphilitic  diseases  of,  167,  168, 
345 

tuberculosis  of,  334,  339,  345 
tumours  of,  348 
cedema,  333 
vessels,  diseases  of,  334 
injuries  of,  332 
Lymphatics,  329 

perivascular,  329 
Lymphocytosis,  23,  171 
Lymphorrhagia,  332 
Lympho-sarcoma,  213,  348,  349 
Lynn  Thomas'  clamp  tourniquet, 
278 

Lyon  on  lencooytosis,  23 
Lysol,  35 

M'Burney's  hook  for  dislocation  of 

shoulder,  494 
Macewen,  Sir  Wm.,  on  fracture  of 

patella,  600 
on  intubation  of  larynx,  122 
on  acupuncture  in  aneurysm,  316 
method  of  compressing  abdominal 

aorta,  279 
Mackenzie-Davidson's  cross-thread 

localiser,  241 
M'Laurin,  C,  on  hydatid  cysts,  228 
Macrophages,  14 
Madura  foot,  129 
Main  en  griffe,  374 
Makins  on'  gun-shot  injuries  of 

spine,  247 
jMalacia  of  bones,  658 

of  puberty,  663 
Malaria,  effect  of,  on  temperature, 

27 

Malcolm,  J.  D.,  on  shock,  261 
Malignant  adenoma,  223 

caciiexia,  199 

neuroma,  360,  361 

a'dema.  111 

pustule,  133,  134,  384 

syphilis,  176 

tumours,  198 

ulcers,  84 
Mallein  test,  135 
Mallet-finger,  411 
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Malum  senile,  715 

Malunion  of  fracture,  458,  609 

Many-tailed  bandage,  553 

Marie  on  hypertrophic  pulmonary 

osteo-arthropathy,  670 
Marriage  and  syphilis,  182 
MaiTow,  function  of,  625 

in  rickets,  659 
Marsh,     Howard,     on  hip-joint 

disease,  754 
Martin's  rubber  bandage,  91 
Massage  in  contusions,  235 

in  dislocations,  469 

in  fractures,  446 

in  sprains,  465 
Mastoid  lymphatic  glands,  330 
Matas' operation  for  aneurysm,  315, 
328 

Mauser  bullets,  244 
Mayo,  C.  H.,  on  avulsion  of  nerves, 
380 

on  tuberculous  glands,  343 

on  varicose  veins,  301 
Mayo-Robson  on  rupture  of  crucial 

ligaments,  598 
Meatal  chancre,  166 
Mechanical  arthritis,  715 
Meckel's  ganglion,  removal  of,  380 
Median  nerve,  372 

lesions  of,  372 
Medio-tarsal  joint,  612 
Medullary  cancer,  224 

tumours  of  bone.  671 
Melfena,  277 
Melanin  pigment,  400 
Melanotic  cancer,  224,  349,  394, 
399,  405 

sarcoma,  213 
Melon-seed  bodies,  423,  426,  427, 

728,  762 
Meningitis,  basal,  128 

cerebro-spinal,  128 
Meningocele,  303 
Mercurial  antiseptics,  34 

inunction,  179 

plaster,  Unna's,  181 
Mercury,  biniodide  of,  35 

intra-muscular  injection  of,  179 

inunction  of,  179 

in   syphilis,   administration  of, 
170,  178 

Metacarpal,  of  thumb,  Bennett's 
fracture  of,  546 
bones,  fracture  of,  544 
dislocation  of,  547 


Metatarsal    bones,     fracture  of, 
618 

dislocations  of,  623 
Metchnikof}' on  immunity,  14 

on  syphilis,  163 
Michel's  suture  clips,  39,  237,  238 
Microbes,  10 
Micrococci,  11 
Micrococcus  tetragenus,  22 
Micro-organisms,  10 
Micropliages,  14 

Middeldorpf's  si^lint  for  fracture  of 

humerus,  502 
Mid-tarsal  joint,  612,  623 
Mikulicz    on    aseptic  technique, 

38 

on  tumours  of  bone,  681 
Miller,  A.  G.,  amjDutatiou  at  knee, 
107 

on  reduction   of  dislocation  of 
shoulder,  489 
Mimetic  joint  affections,  726 
Miner's  elbow,  425,  428 
Mitchell's,  A.    B.,    operation  for 

varicose  veins,  301 
Mixed  infection,  13,  155 

venereal,  169 

nEevus,  303 
Mobile  semilunar  cartilage,  594 
Moist  gangrene,  98 
Moles,  4 

nsevoid,  302 
Molluscum    fibrosum,    208,  364 
395 

Momburg  on  compression  of  ab- 
dominal aorta,  279 

Moon's  teeth,  193 

Moore-Corradi  method  of  treating 
aneurysm,  317,  321 

Morbus  coxfe,  741 

Moschcowitz    on    in-ejjaration  of 

catgut,  38 
Mosetig-Moorhof  on  filling  of  bone 

cavities,  637 
Mother's  mark,  302 
Mouth,  actinomycosis  of,  138 

sypliilis  of,  182 
Muco-pus,  61 
Mucous  cysts,  227 
membrane,  grafting  of,  95 
repair  of,  6 
sujipuration  in,  60 
sypliilitic  lesions  of,  174,  186, 
187,  190 
patches,  174 
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Muir,  Robert,  on  bacteriology,  131, 
145 

Multilociilar  cystic  tumours  of  jaw, 
206 

Multiple  chancre,  166,  168 
neuromata,  362 

peripheral  neuritis,  359 
Mummery  on  shock,  261 
Mummification,  96 
Murphy  on  arthroplasty,  690 
Muscle,  affections  of,  406 

atrophy  of,  412 

calcification  of,  416 

congenital  absence  of,  412 

contracture  of,  414 

contusion  of,  406 

diseases  of,  412 

gonorrha3a  of,  415 

hernia  of,  409 

hydatid  cysts  of,  420 

inflammation  of,  414,  416 

injuries  of,  406 

ossification  in,  416,  418 

repair  of,  8 

rheumatism  of,  413 

rupture  of,  406,  407,  408 

sprain  of,  406 

syphilis  of,  41 5 

transplantation  of,  8 

tuberculosis  of,  415 

tumours  of,  419 

wasting  of,  in  joint  disease,  703 

wounds  of,  410 
Muscular  rheumatism,  413 
Musculo-cntaneous  nerve,  370 
Musculo-spiral  nerve,  370 

implicated  in  fracture  of  humerui 
505 

injuries  of,  370 

lesions  of,  370 
Mustard  leaves,  47,  52 
Mycetoma,  139 
Myelitis,  syphilitic,  176 
Myeloma,  209 

of  bone,  665,  676 

of  tendon  sheaths,  424 
Myoma,  209,  210,  676 
Myo-sarcoma,  213 
Myositis  ossificans,  416,  519 

progressive  ossifying,  418 

varieties  of,  414 
Myxo-adcnoma,  216 
Myxoma,  208 

of  bone,  676 
Myxo-sarcoma,  213 


Naevoid  mole,  302 
Nffivus,  302 

electrolysis  of,  305 

operations  for,  306 

radium  treatment  of,  305 

varieties  of,  302 
Nail  fold,  whitlow  of,  64 

horns,  394 
Nails,  affections  of,  403 

ingrowing,  405 

injuries  ol',  403 

malignant  disease  of,  405 

onychia,  varieties  of,  404 

regeneration  of,  6 

syphilitic  lesions  of,  174 

trophic  changes  in,  403 

tumours  of,  404,  405 
Nasal  bones,  syphilitic  disease  of, 
653 

Naso-pharyugeal  polypus,  208,  676 
Natal  sore,  140 
Natiform  skull,  191 
Neck,  cystic  hygroma  of,  229,  337 
dangerous  area  of,  274 
glands  of,  diseases,  338 
hydrocele  of,  229,  337 
lipomatosis  of,  202 
painful  stiff'-,  414 
Necrosis,  acute,  629 
of  hone,  628 
coagulation,  56 
quiet,  of  Paget,  641 
without  suppuration,  641 
syphilitic,  652 
Needling  for  aneurysm,  316,  317 

in  sciatica,  379 
Neisser  on  syphilis,  163 
Nelaton's  line,  557 
Neoplasms,  197 
Nerve  of  Bell,  368 
Nerves,  350.    Sec  also  Individual 
Nerves 
alcohol  injections,  380 
anatomy  of,  350 
avulsion  of,  380 
blocking  of,  262 
bullet  wounds  of,  357,  376 
compression  of,  358 
contusion  of,  353 
crushing  of,  353 
degeneration  of,  351 
diseases  of,  359 
dislocation  of,  358 
effects  of  division  of,  352,  30-3, 
354,  355 
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Nerves,  grafting  of,  356 

implantation  of,  357 

implicated  in  scar  tissue,  357 

individual,  surgery  of,  366 

injuries  of,  351,  357,  443 

joint  affections  in  lesions  of,  722 

needling  of,  379 

operations  on,  380 

physiology  of,  350 

reaction  of  degeneration,  353 

recovery  after  injury,  355 

regeneration  of,  351 

sensibility,  forms  of,  350 

stretching  of,  88,  379 

subcutaneous  injuries  of,  357 

suture  of,  primary,  355 
secondai-y,  356 

traumatic  neuritis,  359 

tumours  of,  360 

ulcers  in  lesions  of,  79 
Nervous  system,  syphilitic  affec- 
tions of,  193 
Neuralgia,  376 

brachial,  377 

operations  for,  380 

sciatic,  377 

trigeminal,  379 
Neurectomy,  380 
Neuritis,  ascending,  357 

multiple  peripheral,  varieties  of, 
359 

traumatic,  359 
Neuro-arthropathies,  722.    See  also 

Individual  Joints 
Neuro-fibromatosis,  208,  362 
Neurolysis,  357 
Neuroma,  plexiform,  363 

stump,  352 

varieties  of,  360 
Neuropathic  atrophy  of  bone,  669 
of  muscle,  413 

hydrojis,  725 

osteonialiicia,  665 
Neuro-retinitis,  syphilitic,  175 
Nitrate  of  silver,  burns  by,  250 
Nitric  acid,  burns  by,  250 
Nodes,  of  bone,  625 

periosteal,  651 

syphilitic,  651 

Hcberden's,  720 

traumatic,  433 
Ncetzel  on  diseases  of  joints,  691 
Noma,  112 

Non-union  of  fracture,  460 
Nose,  mucous  polypi  of,  208 


Nose,  sebaceous  adenoma  of,  396 
Nucleinate  of  soda,  22,  134 

Obturator     foramen,  dislocation 

into,  574 
Occipital  lymphatic  glands,  330 
Ochsner's  artery  forceps,  280 
Odontoma,  206 

varieties  of,  206 
(Edema,  44,  45 
angio-ueurotic,  354 
lymphatic,  333 
malignant.  111 
persistent,  119 
solid,  334 
Old-standing  dislocation,  470.  See- 
also  Individual  Joints 
Old-standing  fractures.    See  Indi- 
vidual Bones 
Olecranon  bursa,  affections  of,  428 
process,  fracture  of,  515 

separation  of  epiphysis,  515 
Onychia,  syf)hilitic,  174,  405 

varieties  of,  404 
Open-air  treatment  of  tuberculosis, 
151 

Open  method  of  treating  wounds, 
40 

Openshaw   on   recurrent  disloca- 
tion of  shoulder,  495 

Operations,  hfemorrhage  in,  278 
during  shock,  262 

Operations — 
for  abscess,  58 
for  Achillo-bursitis,  431 
for  actinomycosis,  139 
for  acute  osteomyelitis,  633 
Adam's,  for  ankylosis  of  hip,  755 
for  aneurysm,    314.     Sec  also- 

Individual  Aneurysms 
for  aneurysm  of  bone,  683 
for  ankylosis  of  joints,  689 
of  arthrectomy,  710 
for  arthritis  deformans,  720 
of  arthrolysis,  690 
of  arthroplasty,  690,  739 
for  avulsion  of  tubercle  of  tibia, 
591 

for  badly  united  fracture,  458 

for  blood-letting,  52 

for  Brodie's  abscess  of  bone,  641 

for  callous  ulcers,  90 

in  cancer,  220 

for  cancrum  oris,  112 

for  carbuncle,  386 
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Operations — 

for  Cliarcot's  disease,  724 
for  closure  of  sinuses,  68 
for  coccydynia,  555 
for  compound  dislocations,  470 
for  compound  fractures,  451 
for  delayed  union  of  fracture,  461 
for  diffuse  cellulitis,  62 
for    dislocation    of  astragalus, 
621 

for  dislocation  of  clavicle,  481 
for  dislocation  of  shoulder,  493, 
494 

for  dislocation  of  tendons,  410 
for  dislocation  of  tliunib,  548 
for  displaced  semilunar  cartilage, 
595 

of  excision  of  joints,  710 
for  filling  bone  cavities,  637 
for  fractures,  recent,  449 
for  fracture  of  both  bones  of  leg, 
607 

for  fracture  of  clavicle,  480 
for  fracture  of  femur,  580,  582, 
586 

for  fracture  of  olecranon,  517 
for  fracture  of  patella,  602,  604 
for  fracture  of  surgical  neck  of 

humerus,  493,  506 
for  fractures  of  lower  end  of 

humerus,  509 
for  fractures  in  region  of  knee, 

586,  589 
for  ganglion,  232 
for  gangrene,  102,  106,  108,  111 
Gant's,  for  ankylosis  of  hip,  755 
for  infusion  of  saline  solution, 

50,  285 

for  injuries  of  nerves,  351.  See 
also  Individual  Nerves 

for  leontiasis  ossea,  673 

for  loose  bodies  in  joints,  731,  732 

for  lupus,  389 

for  malignant  pustule,  134 

for  mal-union  of  bones  of  forearm, 
530 

for     mal-union     after  Pott's 

fracture,  616,  617 
for  myeloma  of  bone,  677 
for  ntevus,  302 
for  neuralgia,  380 
for  neuromata,  362 
for  old-standing  dislocation  of 

shoulder,  494 
for  old-standing  dislocations,  471 


Operations — 

for  old-standing  dislocations  of 

elbow,  525 
for  old-standing  dislocations  of 

hip,  578 
for  osteoma,  672 
for  osteomalacia,  665 
for  perforating  ulcer,  89 
for  pyajmia,  74 

for    recurrent     dislocation  of 

shoulder,  495 
for  relapsing  osteomyelitis,  638 
for  rodent  cancer,  398 
for  rupture  of  crucial  ligaments 

of  knee,  597 
for  ruptured  muscle,  408 
for  sarcoma,  213 

of  bone,  680 
for  sciatica,  378 
for  secondary  hajmorrhage,  284 
of  sequestrectomy,  636 
for  simple  dislocations,  469 
for  simple  fractures,  449 
of  skin-grafting,  93 
for  subcalcanean  bursitis,  432 
for  subungual  exostosis,  404 
for  syphilitic  disease  of  bone,  655 
for  transplantation  of  bone,  626 
for  trifacial  neuralgia,  380 
for  tuberculous  abscess,  156,  157 
for  tuberculosis,  153 
dactylitis,  650 
disease  of  ankle,  771 

of  bone,  646,  650 

of  elbow,  738 

of  hip,  754 

of  joints,  710 

of  knee,  768 

of  tendon-sheaths,  423 

of  wrist,  740 
for  tuberculous  glands,  343 

ulcers,  89 
for    tumours.     Sec  Individual 

Tumours 
for  unreduced  CoUes'  fracture, 

535 

for  ununited  fracture,  460 
for  ununited  fracture  of  humerus, 
507 

for  varicose  veins,  300 
for  ^■enereal  warts,  395,  396 
for  whitlow,  66 
Ophthalmic  artery,  aneurysm  of, 
324 

Opisthotonos,  125 
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Opsonic  index,  15,  17,  152 

Opsonins,  15,  44,  152 

Orbit,  syphilitic  disctase  of,  652 

Orbital  aneurysm,  324 

Orthotonos,  125 

Os  calcis,  fracture  of,  618 

separation  of  posterior  tubercle 
of,  618 

tuberculous  disease  of,  649 
Os  magnum,  dislocation  of,  542 
Ossification  in  muscles,  tendons, 

and  fascice,  416,  418 
Ossifying  junction,  624 
Osteo-arthritis,  715 

syphilitic,  712 
Osteo-arthropathy,  pulmonary,  670 
Osteoblasts,  456 
Osteochondritis  dissecans,  732 
Osteogenesis  imperfecta,  670 
Osteoid  sarcoma,  213 
Osteoma,  197,  205,  671 

cancellous,  205 

compact,  206 

diffuse,  673 

ivory,  206 

multiple,  673 

in  muscles  and  tendons,  206 

spongy,  205 

subungual,  405 
Osteomalacia,  cancerous,  683 

varieties  of,  434,  665 
Osteomyelitis,  627 

acute,  289,  628,  629 

albuminous,  637 

after  amputation,  642 

bipolar,  629 

chronic,  641 

in  compound  fractures,  452 
fibrosa,  434,  667 
gummatous,  651,  655 
from  infection  from  soft  parts, 
642 

pneumococcal,  641 

due  to  pyogenic  infections  other 

than  staphylococcus  aureus, 

641 

relapsing,  638 
sei[uel£6  of,  635 
serous,  637 

simulated  by  hasniophilia,  289 

streptococcal,  641 

tuberculous,  644 

in  typhoid  fever,  642 
Osteophytes,  625,  716 
Osteoporosis,  627 


Osteopsathyrosis,  670 
Osteosarcoma,  213,  678 
Osteosclerosis,  635 
Osteotomy.     See   Deformities  of 

Individual  Bones 
Ostitis,  627 

deformans,  666 

rarefying,  627 
Os  trigonura  tarsi,  617 
Ovarian  dermoids,  225 
Ovaries,  removal  of,  for  osteoma- 
lacia, 665 
Oxygen,  inhalation  of,  284 
Ozoena,  192,  653 

Pachydermatocele,  364 
Pachymeningitis,  suppurative,  652 
Paget,  Sir  James,  on  diabetic  gan- 
grene, 108 

on  quiet  necrosis,  641 

recurrent  fibroid  of,  212 
Paget's  disease  of  bone,  666 
Pain,  in  fractures,  442 

in  inflammation,  45,  51 

starting,  in  joint  disease,  687,  704 

varieties  of,  46 
Painful  stiff-neck,  414 

subcutaneous  nodules,  361,  395 
Palate,  syphilitic  lesions  of,  653 
Palmer  ganglion,  compound,  232, 
422 

Papilloma,  215 

of  skin,  395 

varieties  of,  215 
Papular  skin  eruption,  syphilitic, 
172,  190 

Paquelin's  thermo-cautery,  280,  305 
Paraffin  cancer,  397 

injection  of,  249,  401 
Paralysis,  brachial  birth,  368 

Erb-Duchenne,  367,  368 

Klumpko's,  367 

post-anresthetic,  366 

pseudo,  of  syphilis,  191,  663 
Paralytic  contracture,   354.  Sec 

(dso  Individual  Joints 
Paraplegia,  syphilitic,  176 
Parasitic  l)actoria,  12 

cysts,  227 

fcctus,  227 
Para-syphilitic  lesions,  162 
Parotid  abscess  in  pyremia,  73 

lymphatic  glands,  330 

tumouis,  208 
Parotitis,  73 
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Parrot's  nodes,  191 
Passive  hypcra3mia,  Bier's,  47 
Pasteur's    treatment    for  hydro- 
phobia, 131 
Patella,  dislocation  of,  603 

floating,  598 

fracture  of,  599,  602 

injuries  of,  599 
Pathogenic  bacteria,  12 
Pathological  aneurysm,  308 

dislocation,  473,  632,  701 

fracture,  433,  632,  635,  653,  680, 
683 

separation  of  epiphysis,  452 
Pelvis,  fractures  of,  551 

injuries  of,  551 

rickety  changes  in,  661 
Penis,  diphtheria  of,  123 
Perchloride  of  mercury,  34 
Perforating  ulcer,  80,  88,  354,  383 
Peri-lymphangitis,  334 
Perineal  band,  extension  with,  567 
Periosteal  sarcoma,  679 

whitlow,  66 
Periosteum,  function  of,  625 

gumma  of,  651 

haematoma  of,  433 

in  rickets,  659 
Periostitis,  627.    See,  also  Osteo- 
~'  hlyeTitis 

acute  suppurative,  628 

evanescent,  of  syphilis,  651 

gummatous,  651,  654 

tuberculous,  644 
Peripheral  neuritis,  359 
Peri-phlebitis,  294 
Peronei    tendons,    dislocation  of, 
409 

Peroxide  of  hydrogen,  35 
Persistent    flexion    of  terminal 

phalanx,  411 
Petit's  tourniquet,  278 
Petrifying  sarcoma,  213 
Phagedcena,  113,  167,  171 
Phagedcenic  ulcers,  86,  91 
Phagocytes,  14,  44 
Phagocytin,  134 
Phagocytosis,  14 

Phalanges  of  fingers,  dislocation  of, 
548 

fracture  of,  547 

persistent  flexion  of  terminal, 
411 

of  toes,  fractures  of,  618 
Pharyngeal  diphtheria,  120 


Phelp's  box,  754 
Phenol,  34 

Phimosis,  with  hard  chancre,  106, 
170,  171 

with  soft  sores,  168 
Phlebitis,  293,  300 
Phleboliths,  290,  300 
Phlegmasia  alba  dolens,  294 
Picric  acids  in  burns,  255 
Pigeon-breast,  660 
Pistol-shot  wounds,  241 

splint,  535 
Plantaris,  rupture  of,  409 
Plaster-of-Paris  splints,  448 
Pleurodynia,  414 
Pleurosthotonos,  125 
Plexiform  neuroma,  363 
Pneumo-bacillus,  Friedliinder's,  22 

bacteria,  22 
Pneumococcal  arthritis,  695 
Pneuraococcus,  22 
Pointing  of  abscess,  56 
Poisoning  by  carbolic  acid,  34 

by  corrosive  sublimate,  35 

by  insects,  140 

by  iodoform.  35 

by  strychnin,  127 
Poland,   John,   on  separation  of 

epiphyses,  453,  515 
Polypi,  208 

Popliteal  aneurysm,  327 
artery,  embolus  of,  102,  103 
bursaj,  760 

lymphatic  glands,  332 

nerves,  injuries  of,  375,  376 
Poroplastic  splints,  448 
Port-wine  stain,  302 
Post-antesthetic  paralysis,  366 
Post-anal  dimple,  225 
Posterior      auricular  lymphatic 
glands,  330 

interosseous  nerve,  371 
Post-operative  bed-sores,  115 

hrematemesis,  51 
Post-rectal  dermoids,  225 
Potato-nose,  396 
Pott's  fracture,  612 

converse  of,  617 
Poultice,  47 

burns  by,  250 

charcoal,  90 
Pre-auricular    lymphatic  glands, 
330 

Prepatellar  bursa,  430,  585 
Prepuce,  diphtheria  of,  123 
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Pressure  sores,  77,  88,  360 
Primary  hnsmorrhage,  278 
syphilis,  165 
union  of  wounds,  2 
Pringle,    Hogarth,    on  melanotic 

cancer,  400 
Probes,  bullet,  241 
Progressive     ossifying  myositis, 
41S 

Prostration  with  excitement,  262 
Protopathic  sensibility  of  nerves, 

351,  353 
Proud  flesh,  85 
Psammoma,  213 
Pseudarthrosis,  461 
Pseudo-fluctuation,  57 
Pseudo-leucfemia,  345 
Pseudo-paralvsis  of  syphilis,  191, 

663 

Psoas  abscess,  750 
bursa,  430,  750 
Psoriasis,  syphilitic,  172 
Pubes,  fractures  of,  552 
Pubic   symphysis,   separation  of, 
551 

Pulex  penetrans,  140 

Pulmonary  osteo-arthropathy,  670 

Pulsating  aorta,  312 

exophthalmos,  324 

hfematoma  of  bone,  682 
Punctured  wounds,  238 

of  arteries,  271 
Purpura,  289 
Purulent  blister,  64 
Pus,  54,  56 

corpuscles,  54 

muco-,  61 

varieties  of,  55 
Pustular  skin  eruption,  syphilitic, 
172 

Pustule,  malignant,  133 
Pyremia,  26,  72 

abscess  in  joints  in,  693 
Pyaemia,  temperature  in,  26 
Pysemic  aliscess,  62,  294 
Pyogenic  bacteria,  18 

diseases  of  bone,  628 

of  joints,  691.    See  also  Indi- 
vidual Joints 
Pyoktanin  in  sarcoma,  214 
Pyrexia,  treatment  of,  51 

Quadriceps  extensor  femoris,  rup- 
ture of,  409 
Quiet  necrosis,  641 


Kabies  in  dog,  130 
Rachitis,  658 

adolescentium,  663 
Radial  nerve,  lesions  of,  371 
Radio-carpal  joint,  dislocation  of, 
541 

Radio-ulnar  joint,  inferior,  disloca- 
tion of,  540 
Radiogram,  441 
Radium,  in  lupus,  389 
in  cancer,  221 
in  nfevus,  305 
Radius,  dislocation  of,  524 
fracture,  lower  end  of,  532 
fracture  of  shaft  of,  530 
tubercle  of,  517,  518 
upper  end  of,  517 
separation  of  lower  epiphysis  of, 
537 

of  upper  epiphysis  of,  518 
subluxation  of  head  of,  526 
Radius    and    ulna,  simultaneous 
separation  of  lower  epiphyses 
of,  537 
Rauula,  337 
Rarefying  ostitis,  627 
Ray  fungus,  137 
Ray  treatment,  153,  389 
Raynaud's  disease,  109 
Reaction  of  degeneration,  353 
Reactionary  hemorrhage,  281 
Recldiughausen,  von,  on  osteoma- 
lacia fibrosa,  667 
disease,  362,  364 
Rectal  dermoids,  225 
Recto-vesical  fistula,  69 
Rectum,  saline  infusion  by,  50,  285 
Recurrent  dislocation,  471,  495 

fibroid  of  Paget,  212,  395,  419 
Red  lotiou,  90 

corpuscles,  diapedesis  of,  43 
Reduction    of   dislocations,  468. 
See  Individual  Dislocations 
of  fractures,  445.    See  Individual 
Fractures 
Reid's  method  of  treating  aneurvsm. 
316  ^        y  . 

Relapsing  chancre,  188 

osteomyelitis,  638 
Kenton,  Crawford,  on  sciatica,  379 
Repair,  2 

of  blood-vessels,  274,  275 

of  bone,  7,  456 

of  cartilage,  7 

conditions  interfering  with,  9 
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Repair  of  connective  tissue,  6 

of  epithelium,  6 

of  individual  tissues,  5 

after  loss,  of  tissue,  4 

modifications  of,  4 

of  muscle,  8 

of  separated  parts,  4 

of  skin,  6 

of  tendons,  7 
Residual  abscess,  156 
Resolution  of  inflammation,  44 
Rest,  9 

Rests,  fcetal,  197 
Retention  cysts,  227 
Retinitis,  syphilitic,  193 
Retro-pharyngeal  abscess,  331 

lymphatic  glands,  331 
Reverdiu's  method  of  skin-grafting, 
92 

Rhabdomyoma,  210 
Rheumatic  arthritis,  695,  714 

bursitis,  427 

fever,  633 

gout,  715 

liydrops,  719 

torticollis,  414 
Rheumatism,  acute,  695 

chronic,  714 

gonorrhoeal,  696 

muscular,  413 

scarlatinal,  694 
Rheumatoid  arthritis,  715,  716 
Richardson,  W.  G.,  on  treatment 

of  ulcers,  91 
Rickets,  434,  658 

bone  lesions  in,  659 

changes  in  skeleton  in,  660 

hiEraorrhagic,  663 

infantile,  660 

late,  663 

scurvy,  663 
Rickety,  dwarf,  659 

pelvis,  661 

rosary,  659 

scoliosis,  660 
Ricord  on  syphilis,  164 
Rider's  bone,  417 

sprain,  408 
Rifle-bullets,  wounds  by,  244 
Rigidity  of  joints,  687,  703 
Rigor,  25 

Ring-enuclcator  for  varicose  veins, 
301 

Risus  sardonicus,  125 

Ritchie,  James,  on  bacteria,  131,144 


Rivers  on  nerve  lesions,  350 
Rodent  cancer,  199,  224,  388,  397 

ulcer,  397 
Rontgen    rays   in  actinomycosis, 
139 

in  aneurysm,  320 
in  bone  tumours,  680 
burns  liy,  250,  256 
cancer  from,  256,  397 
in  cancer,  214,  221 
dermatitis,  256 
in  hairy  moles,  394 
injuries  by,  256 

in  injuries  of  bone,  434,  441,  452, 

455 

localisation  of  bullets  by,  241 
foreign  bodies  by,  250 

in  lupus,  389 

in  naevus,  302 

in  osteoma,  205 

in  sarcoma,  214 

stereoscopic,  241 

in  tuberculosis,  153 

ulcers  from,  77 
Rose  or  erysipelas,  117 
Roseola,  syphilitic,  172 
Roux  on  syphilis,  163 
Rupia,  syphilitic,  172 
Rupture  of  aneurysm,  313 

of  artery,  269 

of  individual  muscles,  406,  407, 

408 

of  tendons,  407,  412 
of  veins,  272 

Sabre-blade  deformity  of  tibia,  192, 
656 

Sacculated  aneurysm,  309,  310 
Sacro-iliac  disease,  750 
Sacrum,  fracture  of,  555 
Saddle-nose  deformity,  190 
Saddle-back  creaking,  420 
Sahli  on  acute  osteomyelitis,  633 
Saline  infusions,  50,  285 
in  hnemorrliage,  285 
Salivary  glands,  tumours  of,  210 
Salvarsan  in  syphilis,  180,  182 
Sanitas,  35 
Sapraimia,  69 

chronic,  70 

■temperature  in,  25 
Sapropliytic  bacteria,  12 
Sarcoma,  210 

of  bone,  678,  684 

endosteal,  679 
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Sarcoma,  inoperable,  214 
of  joints,  7'27 
of  lympliatic  glands,  348 
melanotic,  213 
multiple,  212 
periosteal,  679 
of  skin,  100 

of  synovial  membrane,  /  29 

of  tendon  sheaths,  424 

varieties  of,  212,  213 
Sarsaparilla  in  syphilis,  180,  18/ 
Sayre's  method  of  treating  fracture 

of  clavicle,  478 
Scab,  healing  under,  4 
Scalds,  250 

gangrene  from,  99 
Scalp,  bullet  wounds  of,  246 

epithelioma  of,  393 
Scaphoid,  carpal,  dislocation  of,  543 
fracture  of,  540 

tarsal,  fracture  of,  618 
Scapula,  dislocation  of,  480 

fractures  of,  496 

separation  of  acromial  epiphysis, 
498 

separation  of  coracoid  epiphysis, 

499 
winged,  369 
Scar,  epithelioma  in,  223 
tissue,  3 

Scarlet  fever,  joint  lesions  in,  694 

Scars,  401.    See  Cicatrices 

Schaudinn  on  virus  of  syphilis,  161 

Schimmelbusch's  steriliser,  33 

Schlatter's  disease,  590 

Schlosser  on  alcohol  injections,  380 

Sciatic  aneurysm,  326 
nerve,  lesions  of,  376 
notch,  dislocation  into,  574 

Sciatica,  377 

Scirrhous  cancer,  224 

Scissors-leg  deformity  in  hip  dis- 
ease, 756 

Sclavo's  serum,  134 

Sclerosis  of  bone,  635 

Scoliosis,  rickety,  660 
in  sciatica,  378 

Scorbutic  ulcers,  84 

Scrofulous  disease,  143 

Scrotum,  elephantiasis  of,  392 

S(niller's  sprain,  407,  527 

Scurvy,  233 
rickets,  663 

Sebaceous  adenoma,  396 
cysts,  392 
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Sebaceous  horns,  394 

Second  intention,  healing  by,  60 

Secondary  hfemorrhage,  282 

syphilis,  164,  171 
Secretory  glands,  repair  of,  8 
SemHunar  bone,  carpal,  dislocation 
of,  542 

cartilages,  displacements  of,  593, 
594,  596 
surgical  anatomy  of,  593 
torn,  596 
Semi-membranosus  bursa,  431 
Senile  gangrene,  103 
Separated  parts,  reunion  of,  4 
Separation  of  epiphyses,  452.  Sea 

also  Individual  Bones 
Sepsis,  10 
Septic  emboli,  72 

intoxication,  69 

lymphadenitis,  62 

lymphangitis,  62 
Septic£emia,  25,  26,  62,  71 

temperature  in,  26 
Septoform,  35 
Sequestrectomy,  635,  636 
Sequestrum,  amputation,  643 

of  bone,  628,  635 

syphilitic,  652 
Sero-librinous  exudate,  44 
Serous  cyst,  234 

exudate,  44 
Serratus  magnus  muscle,  paralysis 
of,  369 

Serum,  anti-diphtheritic,  121 
anti-microbic,  15,  16 
anti-streptococcic,  63,  119 
anti-tetanic,  128 
antitoxic,  16,  49 
in  hfemophilia,  289 
Sclavo's,  for  anthrax,  134 

Seton,  232 

Setting  of  fracture,  445 
Sheen  on  aneurysm,  322 
Shell,  Shrapnel,  248 

wounds,  248 
Sherren  on  nerve  lesions,  350,  353, 

354,  355 
Shock,  259,  260,  262 

delayed,  262 
Shoulder,  ankylosis  of,  736 

arthritis  deformans  of,  735 

contusions  of,  496 

diseases  of,  733 

dislocation  of,  complicated  with 
fracture,  492 
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Shoulder,  dislocation  ol',  recurr* 
or  habitual,  495 
examination  of,  473,  733 
fibrositis  of,  414 
injuries  of,  473 
neuro-arthropathies  of,  736 
pyogenic  diseases  of,  735 
sprains  of,  495 

surgical  anatomy  of,  473,  733 
tuberculous  disease  of,  733 
varieties  of,  484 
Shrapnel  shell,  248 
Silk,  sterilisation  of,  38 
Silkworm  gut,  39 
Silver  wire,  39 
Simple  fractures,  436,  439 

tumours,  198 
Sinus,  57,  68 

coccygeal,  225 

epithelioma,  223,  684 

septic,  68 

tuberculous,  159 
Skewers  for  prevention  of  hremor- 

rhage,  278 
Skin,  382 

abscesses  of,  386 

actinomycosis  of,  137 

cancer  of,  396-400,  402 

dermoids,  224 

grafting,  7,  91 

preparation   of,    for  operation, 
37 

repair  of,  6 

structure  of,  382 

syphilitic  lesions  of,  172,  174, 

181,  182,  190 
tuberculosis  of,  386 
tumours  of,  395 
Skull,  bossing  of,  191 
bullet  wounds  of,  246 
craniotabes  of,  191 
ditt'use  osteoma  of,  674 
gutter  fracture  of,  246 
natiform,  191 
Parrot's  nodes,  191 
in  rickets,  660 

syphilitic  disease  of,  191,  652 
unilateral  hypertrophy  of,  674 
Sling    and    body   bandage,  480 
482 

Slough,  96 

Smith,  R.  W.,  on  fractures,  512 
Smith's  fracture  of  radius,  536 
Snako-bites,  141 
Snuffles,  190 


Soft  chancre,  1 68 

corns,  383 
Soldau  on  moles,  394 
Sore,  bed-,  75 

healing,  76 

Natal,  140 

pressure,  77,  88,  360 

soft,  168 

veldt,  386 
Spanish  windlass,  281 
Spas,  721 
Spasmodic  tic,  379 
Spence's  skewers,  278 
Spencer- Wells'  artery  forceps,  280 
Spina  bifida,  303 

ventosa,  647,  649 
Spinal  arthropathies,  722 

cord,  joint  affections  in  lesions  of, 
722 
repair  of,  8 
syphilis  of,  176 
Spine,  bullet  wounds  of,  246 

changes  in  rickets,  660 

hydatid  disease  of,  657,  658 
Spirilla,  11 

Spirochaete  pallida,  11,  161 
Splay-foot,  810,  822 
Splenic  fever,  131 
Splint,  ambulant,  614 

box,  607,  608 

Carr's,  535 

Croft's,  449,  607 

double-inclined  plane,  574 

Dupuytrcn's,  616 

Gooch,  448 

Gordon's,  535 

Hodgen's,  565 

inclined  plane,  574 

Listen's  long,  564,  567 

materials,  448 

Middeldorpfs,  502 

pistol,  535 

Syme's  horse-shoe,  616 

Taylor's,  753 

Thomas'  hip,  663,  753 
knee,  767 
Splints  for  fracture,  448 

varieties  of,  448 
Spores,  10  • 
Sporting-guns,  wounds  by,  242 
Sprain  fracture,  465,  598 

of  ankle,  614 

of  elbow,  526 
Sprain  of  hip,  578 

of  joints,  464 
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Sprain,  jumper's,  407 

of  knee,  598 

oF  muscle,  406 

rider's,  408 

sculler's,  407,  527 

of  shoulder,  495 

sprinter's,  407 

of  wrist,  543 
Sprained  sinew,  229 
Spreading  ulcers,  86 
Sprinter's  sprain,  407 
Staphylococci,  11,  18 
Staphylococcus  albus,  20 

aureus,  19 
Starch  splints,  448 
Starting  pains  in  joints,  687,  704 
Stasis,  43 

Stave  of  thumb,  546 
Steam,  sterilisation  by,  33 
Steinmann  on  direct  extension,  586 

apparatus  for,  564,  565,  580,  608 
Stereoscopic  skiagraphy,  241 
Sterilisation,  by  boiling,  34 

by  chemical  agents,  34 

of  gauze,  38 

of  gloves,  33 

by  heat,  33 

of  instruments,  37 

of  silk,  38 

by  steam,  33 
Sterno-clavicular  joint,  dislocation 
of,  482 

Sterno-mastoid  lymphatic  glands, 
330 

Stevenson,    Surgeon  -  General,  on 
bullet  wounds,  246,  247 

Stiles,  H.  J.,  on  disease  of  hij),  754 

Stimson  on  fractures,  563 

Stitch  abscess,  60 

Stitches.    Sec  Sutures 

Stocking,  elastic,  300 

Strepto-bacillus  of  Ducrey,  168 

Streptococci,  11,  18,  19,  20 

Streptococcus  erysipelatis,  117 
^  pyogenes,  20,  61 

Streptuthrix  actinomyces,  137 

Strumous  disease,  143 

Struthers,  Sir  John,  on  fracture  of 
acromion,  498 

Strychnin  poisoning,  127 

Student's  elbow,  428 

Stutnp  neuromata,  352 

Styptics,  280 

Sub-acromial  bursa,  428 
dislocation  of  shoulder,  491 


Siib-asti'agaloid  dislocation,  622 
Sub-calcanean  bursa,  432 
Subclavian  aneurysm,  324 

artery,  474 
Sub-clavicular  dislocation  of  shoul- 
der, 484,  490 
Sub-coracoiddislocationof  shoulder, 

485,  486 
Sub-crural  bursa,  430,  584 
Sub-deltoid  bursa,  428,  496 
Sub-gleuoid  dislocation  of  shoulder, 

484,  490 
Sublimate  alcohol,  36 
Subluxation  of  head  of  radius,  526 

of  thumb,  543 
Submaxillary   lymphatic  glands, 
330 

Submental  lymphatic  glands,  330 
Subscapularis  bursa,  429 
Sub-spiuous  dislocation  of  shoulder, 
484,  491 

Subungual  exostosis,  206,  405,  672 
Suction  bells,  48 
Sulphur  grains,  137 
Sulphuric  acid,  burns  by,  250 
Suu's  rays,  burns  by,  251 
Suppuration,  54 

in  aneurysm,  313 

aseptic,  60 

chronic,  68 

diffuse,  61 

in  mucous  membrane,  60 
in  wound,  59 
Supra-clavicular  lymphatic  glands, 
331 

Supra-hyoid  lymphatic  glands,  330 
Supra-scapular  nerve,  lesions  of,  369 
Surgery,  definition  of,  1 

Listerian,  33 

l)re-Listerian,  32 
Surgical  auatomy  of  ankle,  611 

of  blood-vessels,  268,  269 

of  bone,  624 

of  elbow,  508 

of  epiphyses,  462,  625 

of  foot,  611 

of  forearm,  508 

of  hand,  532 

of  hip,  556 

of  joints,  4  62 

of  knee,  583 

of  lymphatics,  329 

of  nerves,  350 

of  semilunar  cartilages  of  knee 
593 
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Surgical  anatomy  of  slioulder,  473 

of  skin,  382 

of  thoracic  duct,  333 

of  wi'ist  and  hand,  532 
Surgical  bacteriology,  10 

tuberculosis,  25 
Sutton,  J.  Bland,  on  odoutomata, 
206 

Sutures,  buried,  236 

button.  Lister's,  237 

clips,  Michel's,  30,  237,  238 

coaptation,  236 

continuous,  237 

interrupted,  237 

linen  thread,  38 

relaxation,  237 

secondary,  41 

sterilisation  of,  38 

varieties  of,  236 
Sweat-glands,  tumours  of,  396 
Syme,  James,  on  aneurysm,  314, 
328 

on  treatment  of  ulcers,  90  ^ 
Syme's  horse-shoe  splint,  616 
Symington,  Johnson,  on  fracture  of 

acromion,  498 
Symmetrical  gangrene,  109 
Syncope,  259 

local,  109 
Synostosis,  688 
Synovia,  462 

Synovial  membrane,  tumours  of, 
727 

Synovitis,  686 

acute  serous,  686,  692 
chronic  serous,  686 

simple,  705 
gonococcal,  697 
septic,  464 
suppurative,  692 
syphilitic,  711  i    -j  i 

Syphilis,  160.    See  also  Individual 
Tissues  and  Organs 
abortion  in,  189 
acquired,  160,  163 

in  infants,  196 
arteritis  in,  291 

bones,  lesionsin,190, 651, 652, 656 
brain,  lesions  in,  175 
of  bursre,  428,  711 
caries  of  bone  in,  652 
choroiditis  in,  175,  193 
circumcision  in,  196 
cirrhosis  in,  184 
Colics'  law,  194 


Syphilis,  contracture  of  muscle  in, 
415 

dactylitis  in,  650,  656 
definition  of,  160 
epiphysitis  of  infants,  191,  712 
extra-genital,  164,  167 
in  female,  166 
gumma,  183 
hemiplegia  in,  176 
hereditary,  latent,  194 
history  of,  160 
hydrops  in,  711 
incubation  of,  165 
inherited,  161,  188 

bone  lesions  in,  190,  659 

contagiousness  of,  194 

diagnosis  of,  194 

facies  of,  189,  190 

ioint  lesions  in,  711 

latent,  194 

permanent  signs  of,  194 
insontium,  164 
intermediate  stage  of,  182 
interstitial  keratitis  in,  193 
iodides  in,  180 
.  iritis  in,  175,  193 
joint  lesions  in,  711 
of  larynx,  193 
lupus,  185 
lymphadenitis,  345 
lymphangitis,  335 
in  male,  166 
malignant,  176 
and  marriage,  182 
mercury  in,  170 

methods    of  administering, 
178 

mixed  infection,  169 

of  mouth,  168,  174 

of  mucous  membranes,  174,  186 

mucous  patches,  174 

of  muscle,  415 

of  nails,  405 

of  nose,  653 

neuro-retiuitis,  175 

onychia  in,  404 

osteo-arthritis,  712 

of  palate,  653 

paraplegia,  176 

primary,  165 

diagnosis  of,  169 

lesion  of,  160,  165 

treatment  of,  170 
pseudo-paralysis  of,  191 
psoriasis,  172 
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Syphilis,  reminders,  182 
salvarsan  in,  180,  182 
sarsaparilla  in,  ISO 
second  attacks  of,  188 
secondary,  171 
diagnosis  of,  176 
eye  lesions  in,  175 
lesions  of  hair  in,  174 

of  nails  in,  174 
skin  lesions  in,  172,  173 
treatment  of,  177 
serum  diagnosis,  177 
skin  affections  in,  172,  173,  184, 
190 

skull,  lesions  of,  191 
spirochsete  pallida  in,  161 
stages  of,  164 
synovitis,  712 
teeth  in,  193 

treatment  of,  in,  178 
of  tendon  sheaths,  424 
tertiary,  164,  183 

diagnosis  of,  186 

general  manifestations  of,  183 

lesions  of  mucous  membrane, 
186 

skin  lesions  in,  184 
treatment  of,  186,  187 
ulcer,  185 

of  throat,  174 

of  tongue,  174 

of  trachea,  193 

ulceration  of  cornea  in,  175,  193 
ulcers  in,  83,  89,  184,  185,  654, 
712 

vaccine  treatment  of,  163 
virus  of,  161 

Wassermann  reaction  in,  177 
Syphiloma,  182 

Syringomyelia,  joint  lesions  in,  722, 
724 

Tabes  dorsalis,  joint  lesions  in,  722 
Tfenia  echinococcus,  228,  657 
Tailor's  ankle,  431 
bottom,  425,  429 
Talipes  equino-varus,  acquired,  360, 
376 

Tarsal  ganglion,  230 
Tarso-metatarsal  dislocation,  623 
Tarsus,  dislocations  of,  619 

fractures  of,  618 

tuberculosis  of,  648 
Tattooing,  402 
Tavel  on  quiet  necrosis,  641 


Taylor's  hip  splint,  753 
Teeth  in  inherited  syphilis,  193 
Telangiectasis,  congenital,  302 
Temperature  in  surgical  diseases, 
24 

Temporal  artery,  compression  of, 
279 

Tenderness,  45 
Tendinitis,  416 

Tendo  Achillis,  bursa  under,  431 

rupture  of,  409 
Tendon  sheaths,  affections  of,  406 

diseases  of,  420 

syphilitic  affections  of,  424 

tuberculosis  of,  422 

tumours  of,  424 

whitlow  of,  66 
Tendons,  affections  of,  406.  See  also 
Individual  Tendons 

avulsion  of,  412 

calcification  in,  416 

diseases  of,  412 

dislocation  of,  409 

inflammation  of,  416,  420 

ossification  of,  416 

repair  of,  7 

rupture  of,  407 

tumours  of,  424 

wounds  of,  410 
Tennis-player's  elbow,  407,  527 
Teno-synovitis,  varieties  of,  420 
Teratoma,  227 
Tertiary  syj^hilis,  183 
Tetanus,  123 

acute,  126 

anti-tetanic  serum,  129 
cephalic  or  kopf,  127,  130 
chronic,  127 
fulminating,  126 
head,  127 

hydrophobicus,  127,  130 
idiopathic,  124 
neonatorum,  127 
trismus,  127 
varieties  of,  126 
Tetany,  128 

Tliiersch's  method  of  skin-grafting, 
93 

Thigh,  injuries  of,  556 
Thirst,  treatment  of,  51 
Tliomas'  flexion  test  in  hip  disease, 
745 

hip  splint,  758 
knee  splint,  767 
Thomson,  John,  on  rickets,  660 
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Thoracic  aneurysm,  320 

duct,  svibcutaneous  rupture  of, 
333 

surgical  anatomy  of,  333 
woiTuds  of,  333 
Thorax,  ballet  wounds  of,  247 

rickety  changes  in,  660 
Thrombo-phlebitis,  292,  300 
Thrombosis,  289 
in  inflammation,  45 
in  veins,  292,  300 
Thrombus,  289 
mixed,  290 
red,  290 
white,  290 
Thumb,  Bennett's  fracture  of,  546 
dislocations  of,  547 
stave  of,  546 
subluxation  of,  543 
Thyroid  gland,  secondary  tumours 

derived  from,  683 
Tibia,  fracture  of,  604,  610 
head  of,  589 
lower  end  of,  604,  617 
upper  end  of,  589 
sabre-blade  deformity  of,  192_,  656 
separation  of  lower  epiphysis  of, 
617 

of  upper  epiphysis  of,  589 
syphilis  of,  653 
tubercle,  avulsion  of,  591 
Tibialis  posticus  tendon,  dislocation 
of,  410 

Tibio-iibular  joint,  inferior,  disloca- 
tion of,  621 

superior,  dislocation  of,  593 
Tic,  spasmodic,  379 
Tizzoni's  anti-tetanic  serum,  129 
Toe-nail,  ingrowing,  405 
Toes,  dislocations  of,  623 

fracture  of,  618 

gouty  affections  of,  713 

syphilitic  dactylitis  of,  192,  656 

tuberculous  dactylitis,  205,  649 

whitlow  of,  63 
Tomato  tumour,  396 
Tongne,  syphilitic  lesions  of,  174 
Tonsil,  abscess  of,  324 

sarcoma  of,  211 
Tooth  germs,  tumours  of,  206 
Tophi,  gouty,  713 
Torsion  of  blood-vessels,  280 
Torticollis,  rheumatic,  414 
Tourniquet,  emergency,  281 
varieties  of,  278 


Toxsemia,  14 
Toxins,  14 

Trachea,  syphilis  of,  193 
Tracheal  tug  in  aneurysm,  321 
Tracheotomy,  122 
Trade  arthritis,  715 

bursitis,  425 

epithelioma,  396 
Transfusion  of  blood,  285 
Traumatic  aneurysm,  317 

arthritis,  715 

asphyxia,  266 

bursitis,  425 

coxa  vara,  568 

cyanosis,  266 

delirium,  265 

dislocations,  466 

fever,  443 

fractures,  435 

gangrene,  239 

hydrops  of  knee,  598 

neuritis,  359 

node,  433 

separation  of  epiphysis,  453 
teno-synovitis,  420 
ulcers,  77,  88 
Trendelenburg's  operation  for  vari- 
cose veins,  301 
Trifacial  neuralgia,  379 
Trigeminal  neuralgia,  379 
Trismus,  127 
Trochanteric  bursa,  429 
Trophic  changes  in  nails,  403 
after  nerve  injuries,  354 
diseases  of  bone,  658 
ulcer,  79,  88 
Tropical  elephantiasis,  390 
Trunk  neuroma,  361 
Tubercle,  anatomical,  145 
bacillus,  143 
inoculation,  386 
nodule,  149 
Tubercles,  149 

Tuberculin  tests,  150, 151, 152,  646, 
708 

Tubercnlo-opsonic  index,  152 
Tuberculosis,  143.    Sec  also  Indi- 
vidual Tissues  and  Organs 

age  incidence  in,  147,  148 

bacillus  of,  143 

of  bone,  644 

bovine,  148 

of  bursiB,  427 

calcification  in,  149 

caseation  in,  149 
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Tuberculosis,  congenital,  147 
definition  of,  143 
general,  150 
inherited,  147 
of  joints,  698 
latency  of,  1 45 
of  lymphatic  glands,  339 
modes  of  infection,  144,  145 
morbid  anatomy  of,  149 
of  muscle,  415 
of  nails,  403 

open-air  treatment  of,  151 

passive  hypertemia  in,  153 

predisposition  to,  147 

principles  of  treatment  of,  151 

of  skin,  386 

temperature  in,  25 

of  tendon  sheaths,  422 

vaccine  treatment  in,  152 
Tuberculous  abscess,  154,  389 

arteritis,  291 

arthritic  fever,  704 

dactylitis,  649 

granulation  tissue,  149 

lupus,  387 

lymphadenitis,  339 

lymphangitis,  334 

onychia,  404 

sinus,  155,  159 

ulcers,  82,  89 
Tubulo-dermoids,  225 
Tumor  albus,  705 

Tumours,  197.    See  also  Individual 
Tumours  and  Tissues 

of  bone,  671 

of  bursEB,  426 

cachexia  in,  199 

of  callus,  458 

congenital  cystic,  337 

definition  of,  197 

epithelial,  215 

etiology  of,  197 

innocent,  198,  200 

of  joints,  727 

of  lymphatic  glands,  348 

malignant,  199 

mixed,  210 

of  muscle,  419 

of  skin,  395 

transition  forms,  200 

varieties  of,  200 
Twins,  conjoined,  227 
Typhoid  bacillus,  22 

joint  lesions  in,  694 

osteomyelitis  in,  642 


Ulceration,  of  cartilage,  687,  700 

definition  of,  75 
Ulcers,  75 

ambulatory  treatment  of,  90 

Bazin's  disease,  82 

bone  changes  in,  85 

callous,  85,  90 

cancerous,  218 

classification  of,  77 

clinical  arrangement  of,  77 
examination  of,  75 

conditions  of,  84 

crateriform,  396 

definition  of,  75 

duodenal,  in  burns,  253 

epithelioma  in,  223 

excision  of,  90 

gouty,  84 

healing,  84,  87 

ideal  form  of,  76 

due  to  imperfect  circulation,  79. 

88 

due  to  imperfect  nerve-supply, 

80,  88 
inflamed,  86,  91 
irritable,  86,  91 
kidney-shaped,  syphilitic,  174 
leg,  79,  88 

excision  of,  90 

gi'afting  of,  90 
malignant,  84 
nerve-stretching  in,  89 
perforating,  80,  88,  354,  360 
phagedfenic,  86,  91 
jDressure,  77,  88 
rodent,  388 

from  Rontgen  rays,  77,  256 
scorbutic,  -  84 
skin-grafting  in,  91 
soft  sores,  168 
spreading,  86 

syphilitic,  83,  89,  185,  653,  712 
traumatic,  77,  88 
treatment  of,  86 
trophic,  80 
tuberculous,  82,  89 
varicose,  79,  88 
weak,  84,  90 
Ulna,  dLslocation  of,  524 
fracture  of  lower  end  of,  539 

upper  end,  515 
shaft  of,  531 
upper  end  of,  515 
separation  of  lower  epiphysis  of, 
537 
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Ulnar  nerve,  373 

dislocation  of,  374 

lesions  of,  373 
Unit  of  immunity,  16 
Unna  on  burns,  251 
Ununited  fracture,  460,  507 
Urate  of  soda,  427 
Urethral  chancre,  166 
Urine  in  carbolic  poisoning,  34 

in  inflammation,  46 

in  iodoform  poisoning,  36 
Uterine  fibroids,  209,  210 

Vaccination,  syphilis  from,  196 
Vaccines,  15,  50 
Vaccine  treatment,  16 
in  boils,  385 

in  diseases  of  joints,  694,  697 
in  syphilis,  163 
in  tuljerculosis,  152 
Vagina,  diphtheria  of,  123 
Varicocele,  295 
Varicose  aneurysm,  319,  320 
dermatitis,  79 
eczema,  79,  299 
ulcer,  79 
veins,  295 

in  callous  ulcer,  85 
complications  of,  299 
hfemorrhage  in,  299 
operations  for,  300 
varieties  of,  295 
Varix,  295 

aneurysmal,  319,  323,  326,  327, 
328 

Vein  stripper,  Mayo's,  301 
Veins,  anatomy  of,  268 

entrance  of  air  into,  273 

injuries  of,  272 

lateral  ligation  of,  273 

ligation  of,  in  thrombo-plilebitis, 
295 

repair  of,  274 
rupture  of,  272 
thrombosis  of,  292,  300 
varicose,  295 
wounds  of,  273 
Veldt  sores,  386 

Venereal  disease,  164.    See  Syphilis 

soft  sore,  168 

warts,  395 
Venesection,  52 
Venom  of  snakes,  141 
Venous  cysts,  297 

haemorrhage,  277 


Verruca,  395 

Vertebrse,  actinomycosis  of,  138 
Vertical  extension,  580 
Vesico-vaginal  fistula,  69 
Villous  papilloma,  215 
Virchow  on  angioma,  295 

on  arthritis  deformans,  715 

on  chondromata,  205 

on    elephantiasis  neuromatosa, 
364 

on  leoutiasis  ossea,  674 
Virulence  of  bacteria,  12 
Volkmann  on  caries  sicca,  707 
on  hip  disease,  741 
on  tuberculosis  of  bone,  644 
Volkmann's  ischsemic  contracture, 
414,  528 

Von  Pirquet's  cutaneous  reaction  in 

tuberculosis,  150 
Vulva,  diphtheria  of,  123 
noma  of,  112 

Walker,  Norman,  on  lupus,  387 
Wallerian  degeneration  of  nerves, 
351 

Wandering  acetabulum,  741 
Want  of  union  in  fracture,  460 
Ward,  Arthur,  on  syphilis,  166 
Wardrop's  operation  for  aneurysm, 
315 

Wart,  215,  395 
horns,  394 
venereal,  395 
Water- glass  splints,  448 
Waterston,  David,  on  reduction  of 

dislocation  of  shoulder,  487 
Watson  -  Cheyne  on  treatment  of 
cancer,  220 
on  tuberculous  cervical  glands, 
344 

on  disease  of  bone,  644 
Watson,  J.  Pirie,  on  fractures,  547 
Watson,  Sir  Patrick  Heron-,  on 
Colles'  fracture,  535 

on  excision  of  wrist,  740 
Waxy  degeneration,  71 
Weak  scars,  401 

ulcers,  84,  90 
Weaver's  bottom,  425,  429 
Weight  and  pulley  extension,  564, 
708 

Weil  on  hfemophilia,  289 
Weir-JIitchell   treatment  in  \\js- 

terical  joint  alFections,  727 
Wens,  392 
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"Wet-cupping,  52 
White  gangrene,  102 

swelling  of  joints,  701,  705,  764 
Whitlow,  63 

gangrene  from,  65 

initial  stage  of,  64 

at  nail  fold,  64 

purulent  blister,  64 

subcutaneous,  65 

subperiosteal,  66 

of  tendon  sheaths,  66 

thecal,  66 

of  toes,  63 

varieties  of,  63 
Whitman,  Royal,  on   fracture  of 
femur,  563 

on  traumatic  coxa  vara,  568 
Winged  scapula,  369 
Wiseman  on  tumor  albus,  705 
Wood-wool,  40 
Wool,  40 

sorter's  disease,  132 

wood-,  40 
Wounds,  235.    See  also  Individual 
Tissues  and  Regions 

accidental,  40 

acute  suppuration  in,  59 

of  arteries,  269 

of  artery  and  vein,  273 

bullet,  241,  244 

contused,  233,  239 

drainage  of,  237 

by  electricity,  255,  256 

by  explosives,  240,  248 

by  iirearms,  240 

incised,  235 


Wounds,  infection  of,  33  ,' 

irrigation  of,  63 

of  joints,  464 

lacerated,  239 

of  muscle,  410 

open  method  of  treating,  40 

2)istol-shot,  241 

punctured,  238 

shell,  248 

of  tendon,  410 

of  thoracic  duct,  333 

treatment,  31 

varieties  of,  235 

of  veins,  273 
Wright,  A.  E.,  on  opsonins,  152 

on  vaccines,  16 
Wright   on    traumatic  asjohyxia, 
266 

Wrist,  diseases  of,  739 

dislocations  of,  540 

drop-,  370,  505 

examination  of,  532 

injuries  in  region  of,  532 

sprain  of,  543 

surgical  anatomy  of,  532 

tuberculous  disease  of,  739 
Wry-neck,  rheumatic,  414 

Xanthoma,  203 

X-rays.    See  Rontgen  Rays 

Young  on  skin-grafting,  94 
X-shaped  ligament  of  Bigelow,  556, 
573 

Zittmann'.s  decoction,  180 
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